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FOREWORD 


This  report  was  prepared  by  California  Research  Corporation  under 
USA/  Contract  No.  AF  33(  )-3l84«  This  contract  was  initiated  under 

i-Toject  No.  <.133,  "Radiation  Effects  (Materials)."  Task  No.  73071, 
"Nuclear  Radiation  Resistant  Material."  The  work  was  administered 
under  the  direction  of  the  Materials  Laboratory ,  Directorate  of  Labora¬ 
tories,  Wright  Air  Development  Center,  with  Lt.  W,  L,  R.  Rice  acting  as 
project  engineer. 

This  is  the  second  Sunnmry  Report  issued  or  this  contract  and  coy  *rs 
research  conducted  from  December  1,  195^#  Noy ember  JO,  1957.  The 
first  Summary  Report  covered  developments  from  the  inception  of  the  con¬ 
tract  in  September  195  to  November  3^§  195^. 

Major  contributions  to  the  project  were  made  by  Messrs.  J.  A.  Bert, 
R.  0.  Bolt,  S.  R.  Calish,  J.  G.  Carroll,  J.  L.  Ik*eher,  A .  C.  Ettling, 

N,  W.  Furby,  J.  T.  Querin,  B.  W.  Hotten,  R.  L.  Peeler,  M.  A.  Pino, 

N.  P.  Shlells,  J.  M.  Stokely,  F.  A.  Stuart,  and  D.  R.  Wilgus. 
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The  objectives  of  the  work  reported  included  the  developnu  nt 
of  radiation  resistant  lubricants  and  a  survey  of  the  radiation  stability 
of  jet  fuels . 

Aromatic  na.se  materials  wert  needed  in  the  lubricant  work,  and 
most  of  these  had  to  In1  synthesized.  Exploratory  synthesis  cvolv*  d  llkaryl 
ethers,  alkarvl  esters,  alkylben/enes”  alkyl  diphenyl  et tiers,  and 
diarvlalkanes.  Chemical  structure  was  correlated  with  physical  properties 
and  also  with  oxidation,  thermal,  and  radiation  stability.  Although  est*  rs 
were  inferior,  each  t  lass  had  members  with  good  radiation  stability. 
Over-all,  the  alkyl  diphenyl  ethers  offer  the  most  promise  for  lubricant 
development.  Polymers  were  also  synthesized.  These  were  used  m  ,«n 
alkyl  diphenyl  ether  to  improve  viscosity  index  and  to  increase  viscosity. 
Compared  to  t  onventional  thick*  ners.  alkylated  polyfci-  methylstyrenes ) 
(APAMS)  and  poly(alkylphenoxyethvl  me*  hncrylates)  (APEMS)  show  promise 
for  use  in  future  radiation  resistant  lubricants 


The  grease  research  produced  CALRESEAKCH  1  f> ‘ .  a  materi.il 
of  enhanced  radiation  stability.  It  is  a  selmirie-inhibited  alkylbip!  enyl 
gelled  with  an  aromatic  salt.  Promise  of  improved  products  was  shown 
i  n  work  on  new  oils,  e.g.,  tris(phenoxyphenyl  idodeeylsilane,  on  new 
gelling  agents,  e.  g.  ,  sodium  N -p-toly lterephinalarnate  or  mixture.-.  >* 
aromatic  salts;  and  on  new  additives,  e.  g.  ,  I*  ,  N' -di -2-naphthyl  ( 
piienylenedi  amine. 

Many  formulations  of  various  hydraulic  '1  ui .is  wen  evaluate  *1 
before  and  after  irradiation.  The  alkyl  diphenyl  ethers  looked  best  m 
radiation  stability  and  in  thermal  stability  at  7(H)*  F.  CALRESEAKCH  2  1  f> 
evolved  from  the  formulation  work.  It  :s  an  alkyl  diph*  nyl  etb.er  inhibited 
w.  i'h  a  selenide  and  thickened  with  a  polybutene.  r  henm  ;d  inhibitors 
improved  oxidation  stability  both  before  and  after  gamma  irradiation. 
Aromatic  hydrocarbon  additives  in  MIX)  8200  fluid  r«  ou<ed  viscosity  change  inri 
gassing  caused  bv  irradiation.  Tins  fluici  was  shown  to  n*  usabl>-  to  about 
1  O10  erg s/g  C  of  gamma  radiation.  Origin;. 1  ami  irradi  » t •  *ci  aromatic  ban 
fluids  operated  satisfac  'orily  in  aircraf*  pis’on  pumps  a*  275*1  Isoth*  rrnal 
bulk  modulus  was  found  to  decrease  markedly  in  a  gas-lupuci  svs’.i  rn  sue  h  as 
would  prevail  under  iri  idiaiion. 


The  alkyl  arom.Virs  were  found  best  as  has*  ma‘*  r;  »ls  'or  gas 
tu  rinne  oils .  Est*  rs,  miner  d  oils,  and  polyglv  ols  •*»«?**  *i  a*  r*  *i*  fu  i*  rr 
in  radiation  or  thermal  s*  ibility.  CALRESEAKCH  250  w  .  develop*  d  m 
the  work;  it  is  i  s«  bmuie-inhibit*  d  ilkyl  diphenyl  ether  on*  lining  a 
p*  troleum  bright  sto<  *.  md  o*h*  r  additiv*  s.  'I  he  alkyl  dipit*  ny]  *  tin  rs 
shown  d  good  oxidation  .-.*  ibility  befor*  nd  after  l  rr  i  fit  a*  ion  'I  heir  *•  ncr.*  \ 
towards  nigh  coking  me:  Ioa  1  u  t  >  r  i  <  .tv  w.is  improve  fi  t  »v  iddi'iv*  s.  I  rrad.a*  ,oi, 
lower*  (1  coking  in  these  ba.s«  s  md  also  in  alr.y  Ibipn*  rr.  is  In  all  base  so,., 
foaming  increased  after  l  r  radia*  ion,  w  iti  ejr  wriioi*  sill  on*  b*  mg  pr*  s*  n* . 
Coking  was  reduced  tv  b  i «  t.ding  with  h.gh  boiling  tnv  ♦  rials  •  g.,  hr  ;i  * 
slocks.  Certain  oil  soiu!  !•  d\*s. show*  *  ^vr  *  *  gisii  a  iti  ha  i*n*!t*,..» 
dialkvl  s *  1  *  .id*  s  in  o\i  ia*  ion  tes*s. 
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The  thermal  stability  of  nine  jet  fuels  (five  JP-4's,  three 
JP-u's  and  an  RP-1)  was  studied  in  the  CKR  coker.  Original 
slot  ks  arid  samples  i rra diat eci  for  three  different  levels  were  tested. 
Lov,  h  vel  l!’ radiation  (0.  8  x  10  ^  ergs/g  C)  impaired  thermal  stability. 
Higher  level  radiation  (8  x  10^  ergs/g  C)  impro\ed  thermal  stability. 
\n  equation  was  developed  by  which  it  was  possible  to  predict  increase 
in  viscosity  with  irradiation  at  any  dosage  once  a  single  dosage  point 
v. as  known. 
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Tin  lubri  ant  development  work  was  guided  by  pattern  nonmi>  bar 
produc  t  spin  lfu  at  ions.  Radiation  resistance  was  added  to  these  stringent 
requirements  su>  h  that  aromatie  base  stocks  were  needed  rather  than 
conventional  tlu.ds.  Aromatn  stocks  have  not  been  used  extensively 
in  luoricants.  Thus,  a  program  including  synthesis,  formulation,  and 
testing  was  called  for.  This  approach  yielded  four  preferred  products  for 
use  in  the*  presence  of  radiation.  Data  on  these  are  discussed  in  the  following 
p irag raphs. 


C. 


Table  I  summarizes  data  on  GALRESEARGH  15b.  The  pro<tu<  t  is 
usable  from  about  -10°E  to  350°  F.  Afte*-  a  gamma  dosage  of  7.2  x  10*®  ergs/g  G, 
worked  penetration,  oxidation  stability,  and  bearing  performance  were  scum  what 
impair  ed.  However,  little  change  was  caused  in  water  resistance,  evaporation 
at  400°  F,  wear  properties,  or  copper  c  orrosion  Rumpability,  work  stability, 
and  low  temperature  torque  actually  improved  slightly  after  this  exposure. 

Hydraulic  Fluids 

Data  on  GALRESEARGH  21b  ire  in  'Table  II  Irradiation  caus*  ci  m 

1  /  i 

initial  decrease  in  viscosity  followed  by  a  moderate  increase,  After  11.7  x  10‘u 
ergs/g  C,  viscosity  at  400°  F  was  about  the  same  as  initially,  while  viscosity 
a*  0°F  increased  threefold.  Irracii  tion  also:  lowered  slightly  the  initial  pour 
point  of  -20°  F,  lowereci  trie  flash  point  drastically,  in  reused  vapor  pr«  ssure 
slightly;  worsened  foaming,  improved  w*  ar  ind  film  strength,  and  caused 
gassing  of  about  1  ml/ml  -  10*®  ergs/g  G.  Oxidation  stability  of  GA  I  .R  FS  FA  RCH 
2  1C  was  good  .<t  400°  F  and  at  r>no3F.  This  property  worsened  with  irradiation 
but  was  still  tolerable  after  11.7  x  10*®  ergs/g  C.  Hydrolytic  stability  at  40O°F 
was  similarly  affected.  Operation  in  a  piston-type  hvdraulic  pump  was 
satisfactory  initially  and  after  a  dosage  of  4.  \  x  10*”  ergs/g 

Engine  Lubricants 

CALR  EbEARGH  230  lata  arc  m  Table  III.  The  Quid,  with  a  pour 
point  of  -15°F,  gave  low  coking  .»nci  an  excellent  result  m  the  WADC  deposition 
test.  Oxidation  stability  was  fair.  Irradiation  to  0.  t,f*  x  10*”  ergs/g  C  produced 
no  change  in  pour  point  and  load  car  rying  rapacity.  Only  slight  c  hangers  m 
viscosity,  flash  point,  evaporation,  and  deposition  values  were-  observed. 

Foaming  was  more  seriously  degraded  while  oxidation  st  ibility  was  dr  tstn  dly 
ch  inged. 

Oar  Lubricants 

Development  worr.  on  this  product  w  s  minor  during  tin  rontr  i  t 
year  as  planned.  The  need  for  a  gear  lubric  ant  c  ould  probably  be  Riled  by 
a  suitable  engine  oil  containing  an  extreme  pressure  igent.  T  ibb  IV  no?  os 
some  properties  of  su<  h  a  fluid 
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TABLE 


PROPERTIES 


OP  A  RADIATION  RESISTANT  OREASI 
CALRESEABCH  159* 


Radiation  Dosage,  iOi0  ergs/g  C 
Dropping  Point,  * P 
ASTH  Worxed  Penetration 
Work  Stab!  1  lty 

Penetration  after  100,000  strokes 

Norma  Hoffmann  Poirb 

Copper  Corrosion,  100  hours  at  °12*P 
Oxidation,  100  hours  at  250*P,  pel 

Dirt  Content 

25  Microns 
50  Microns 

Water  Resistance 

Per  Cent  Loss 

E.aporat ion ,  per  cent 

22  Hours  at  500*P 
22  Hours  at  400*P 

Apparent  Viscosity,  poises 

O'P  at  12  sec'1 
0*P  at  20  sec- 1 

Low  Temperature  Torque 

Trnpe nature,  *P 
Starting  Torque,  g-crr 
Running  Torque,  g-cr 

Nn-j  Scar  Wear  Test,  weight  loss 

•  -it  I  a  1 ,  mg  1000  Cycles 
1  '-it  Load,  ng  1000  Cycles 

nearlnig  performance 

10,0  ''C  rp'r ,  hours  at 


0 

500+ 

26 1 


7.2* 

5B0+ 

330 


slight  stain  alight  stain 
9  24 


>7000 

>1600 


>7600 

>1600 


1.7 

21 


3.1 

18.5 


•’OOO 

5000 


2600 

2000 


0 

40 

-66 

0 

2767 

55* 

1106 

553 

185 

10,326 

369 

2 

.0 

1.8 

1 67"*  634  306  265 

279  1B8  a  OC  195  1?6  45 


C.«-;»-alk>-l  bUhanyi,  12f  sodlua  N-octadacy Itaraphthalaaata , 
dldcdecyl  seienlde,  3. If  qulnlzarln. 
r2)0  g  irradiated  In  tin-plated  can  open  to  air;  WR  Canax  Source. 
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TABLE  III 


PROPERTIES  OP  A  RADIATION  RESISTANT 
ENGINE  OIL  -  CAIEESEARCH  230a 


Dosa&e,  1GX0  ergs/g  C 
Viscosity,  cs,  °P 


1.41 

6.25 

39.6 

502 


Pour  Point ,  °F 

Plash  Point,  °F 

Spontaneous  Ignition  Temp . ,  0 F 

Foaming,  Sequence  1  -  Max.  Vol . ,  ml 

Time  to  Clear, rrln 
Sequence  2  -  Max.  Vol.,  ini 

Time  to  Clear, min 
Sequence  3  -  Max.  Vol.,  ml 

Time  to  Clear, min 

Evaporation,  6-1/2  hr  at  40G°F,  Wt .  % 
Mean  Hertz  Load  (screening  test),  kg 
Panel  Coking,  4  hr  at  700°F,  mg 
WADC  Deposition  Test,  Model  F 


Ox  Ida t lon-Corro3lon,  48-hr  test  on 
25-mi  sample;  air  flow  =  1-1/4  liter/h 

Temperature,  °F 
Weight  Change,  mg/cm2 
Fe 

A1 

Viscosity  Change.  1G0°F,  % 

Viscosity  Change,  210*F,  4 
Neutralization  Number  Change 
Insolubles,  % 


12.8 


♦0 • 26  0 . 0 
40.16  o.o 
56.1  4193 


-  .99 


6.65 

43.8 

2114 


285 

2 

55 

0.5 

60 

2.3 

13.2 


1.03 


40.38  4G.58 

40 . 40  t-0 . 36 

Tar  4525 


■*■35.6  498.6  42880  j  415c 

5.0  5.9  3.3  I  4.8 


5.0 

Nil 


5.9  3.3 

1.33  Nil 


a8l.,'<*  Cia-xe-alkyl  diphenyl  ether,  15<  210  Bright  Stock,  2<*  dloodecyl 
selenide ,  H  trlcresyl  phosphate,  u.2*  Petrol  Black  A,  0.0GK  silicone 
solut Ion. 


36O0-ml  sample  In  aluminum  container  open  to  air;  YTR  Canal  Source. 
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Radiation  Dosage ,  IQ10  ergs/g  C 

Viacoalty,  cs,  *P 

0 

6.5b 

210 

1D0 

-65 

6.59 

A9.45 

6.49 

71.89 

Pour  Point,  °P 

-20 

-20 

Oxidatlon-Corroalon 

(72  hours  at  3*7*F,  5  liters 
of  air/hour) 

\ 

2 

Weight  Change,  irg/cm 

Pe 

A1 

Mg 

Appearance 

Viscosity  Change,  t,  °F 

130 

-AO 

Insolubles,  $ 

\  Probably 

f  Acceptable 

Load  Carrying  Ability 

Mean  Hertz  Load,  kg 

45 

44 

a93*  Cie-ie-fi^kyltlph^yl »  sulfurlzed  olefin,  2%  dibenzyl 
selenlde . 

b6O0-ml  sample  In  aluminum  container  open  to  air;  MTR  Canal 
Sojrce . 
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1  IM  KODl  C  TlON* 


1  1  Obic v  ti v  es 


Iht  research  and  development  m  tins  lontnu  t  had  three 
ibjec  lives,  as  follows 

a  1  j  develop  font  specific  lubrit  ants  having  ealiam  «m! 
resistant  e  to  nuclear  radiat:  mi. 

1)  'I  >  stud',  the  effoc  ts  of  nuclear  radiation  cn  the 
properties  of  .et  fuels 

i  r  «c 

•  '  To  provide  technical  service  to  personnel  m  the 

•*ir  Nuclear  Power  program  on  problems  pertaining 
to  t fit*  present  and  pr  ijected  uses  of  organic  fluids 

1  2  Scope_ 

lor  tin  four  specific  l.brnants,  net  for  :na  m  e  requi  r  ertu-  it s  wei>- 
barsed  on  the  most  recent  nonnuclear  high  temperature  spei  ifn  ati ms 
Tt  nporature  1  nuts  were  extended  >'r  F  to  i  (H)°  F  r  higher,  radiation  levels 
were  set  in  the  range  from  1  1  to  In  r  lenuetis  (87  x  t  >  87  \  !(  *  ergs  g  CF 

IT  is  is  the  range  m  which  all  convontion.il  lubricants  show  rnaj  ir  pr  iperty 
<  h.i  .ges  Lubricant  (level  iprnent  w  rk  ace  ounted  for  approximately  8  iT.  of  the 
c  in; i  i  ct  ac  t:  vity 

In  the  stud  ,  jf  et  fuels,  *  surve*.  was  involved  as  no  hit  pet 
s;>o»f  if  i  ca f  i  in  for  a  radiation  resistant  fuel  was  given.  Of  <  oticern  was  the 
s‘ahili*.\  of  typical  jet  f  jels  to  nuclear'  radiation.  About  K  '%  of  tne  iver  all 
eff  > r t  was  devoted  to  ‘his  w  rk 

California  Kesearch  personnel  also  served  ;,s  cinsultants  during 
tilt'  .  intrac  I  period  on  spet  la!  ;  :  ohlerus  if  application  for  »rgam<  Hinds  in  tiie 
AN  P  j  i')Ur:i:n  Such  a  fata  tion  whu  h  represented  ab  iut  o of  .  mtrai  t  effort 
wa  s  (it*  'i  r  a  I  1  *  ’  ei  a  i.  s  e  if  ‘  ae  e  •:  lie  r  .  on  e  if  t  hes  e  :>t  if)  1  e  in  ‘in  s  ;md  allied  fields 

sir  c  e  1  ‘  ♦  8.  In  rr  arn  ins  tarn  es,  samples  of  spec  la  1  lubricants  were  also 

supplied  *  i  ithe  rs  for  test  work.  Inis  a  tivil  w.is  reported  ml\  to  WAIX  and 
•  c  ov  el  e..  .1.  1 1 s  . h. . i  i  <i»  it**,  or 

1  A  tip:  iai  n 

I  Nla'ern.ls 

Oi  i'.iiin  fiu.cis  used  ir  .ni\  an*  ♦  d  nonmn  lent  lubru  ant  s;h*i  iti<  ati  ms 
*;*•  l'**  cm  !  1  v  a‘  the  l  ew  end  of  *h*  radiation  s*a bi!  it  v  sea  b*  I  ubri*  mts  mad* 
fr  »  :  ihnnatu  tlies’et  s  riisilixar.*  s  .*nd  silic  ones  sh  >w  ipprec  lable  *  hanges 
l  pr  i:i*  •  *  es  if***r  ex  osure  to  about  1  v  1  t>rt  roentgens  (87x1  1  et  gs  pH 

(  «  il  .mid  ‘  v*  s  •  .*  .  be  ,sed  tienham**  the  radiation  st.trnl  .  ’  >fbis*  fluids 

I  .*  '  *  fi*. ist  ♦  i  fora  iila‘ lot  is  hr.ited  b\  tr.e  mhe:  ent  ♦  hara  ‘.eristics  of  tri*  has* 

l,  \ 

H  .  K‘  ^  *  *  ’  •  I  .t  r  i  *  •  «■  ;  )  *»)  r  [)•■  v  »  1  i?)  ’i.e  •  ‘  a  ac:  St  a  •  ,s  (  a  .  t  f  r  n  la 

K*s*  ’  I  <  K*  :  •  N  ih)  *  Li.e  '  i  4  <C  OM  Ihf.N  I  I A 1  ) 
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'A  \  i)c  K 


t  |>*  if 


P  .pnenvl  (  on  'pounds  ur»‘  the  most  stable  of  ail  oi  game  spin  it  s 
to  r  admtior.  1  in;'  lie  not  suitable.*  for-  use  as  an  raft  lubi  n  at  *s  however  these 
compounds  n  .»  hi*  n  odified  t  he  mu  ally  to  iolr  materials  of  ootimuti  con.pi  omisc 
hft  wt  radintmr  stability  and  lubt  n  ant  pei  for  rnance.  Hros.lly  speaki^ig^  the 
alk  ..  arornatK  t  lass  of  ur^arin  fluids  was  found  to  be  of  most  interest  “  J  Chest 
fluids  wen  the  basis  foi  ’he  large t  part  of  the  luhni  arrt  development  Minimum 
work  /  as  programed  with  so-called  conventional"  base  materials  effort  vt,.s 
sufficient  ords  to  establish  optimum  formulations  The  alkvl  arotnatu  s  used  wt  re 
r:  mils  rit  w  mate  *:als  whn  h  were  spet  lalT.  svnthesi/.ed  for  the  work  It  should  be 
ret  ogru/et!  that  tn ere  is  an  inherent  time  lag  between  synthesis  formulation,  and 
testing  w  »rk.  Thus  this  year's  synthesis  reseaith  will  prodiu  e  the  base  for  next 
/ear's  best  for  rr  llations 

In  the  el  fuel  survey  ,  prodiu  turn  :ut*is  were  investigated 
principall  bevci.u  >f  these  are  the  same  prodiu  ts  under  study  by  an 
Ait  !•  mm  industry  group  for  the  development  of  a  thermal  stability  test  I  he 
wo  r  on  radial. on  stability  should  serve  as  a  valuable  idjunct  to  the  extensive 
testing  being  *.  mdin  ted  in  the  Air  Forte  industry  program 

1.82  lit  additions 

1  .  5  2  1  .Qonrees  I'sed 

Almost  all  irradiations  vere  made  m  the  canal  gamma  source  at  the 
Mateii.ilh  besting  Reactor  (MTK)  l'he  prevailing  dose  rate  varied  almost 
tenfold  up  to  a  maxitnnn  of  2  x  lb'  t  >cntgens  (IT  4  x  |m>  t>rg.s  g  C)  fie’-  hom 
Samples  were  exposed  for  various  dosages  up  to  about  .><  x  1(*R  roentgens 
(It  x  1  ’  er  gs  r  (’)  1  he  values  for  gamma  dosage  are  t  onsiuered  at  curati  to 

a  Pi  )ii!  t  1  b"o  * 


\  sn  all  number  of  irradiations  .vere  made  in  the  (  allforma 
Ktme.  roll  \1  C  i  ohalt  nu  source  Prevailing  dose  rate  was  about  2  a  x  10n 
roentgens  (22  \  1  (  (l  ergs  g  C)  per  hour  At  euraey  of  the  dosage  values  here  n 
a b  uit  ♦  .>  ‘,i 


Kest*ai'th  on  the  Radiation  Stahilitv  >!  Organic  1  luids,  (California 
lit  s  arch  ACC  deport  No  b)  I  11)  1 1  48,  October  3b.  1  -  mt  (CON  FI  DC  VILA  L). 


ICfto  ts  if  Radian  >n  on  \in  raf*  Lubricants  and  Fuels  California 
'•  Mia  ’1.110  Rep  it  t  m  Co  ;i  at  t  \F  .CR-ilo)  184)  \\  Alk'  I'echniea 

i  (CONl'lI)KNl  IAL) 


lies ea  i  i  n 
Report 


1  m  mt  Oil  1)  \el  'pmc’tit,  (Shell  Devel  uunerit  Sun.maryv  Repor  t  N  i\t'::  bt  r 
!  W ADC  l  R  >7-1  7 


1 


Mimit  >rim  're  M  I  K  Canal  (laa.ma  Sr  ui  t  e  A  bream  eni  of  Heliamht 
(t  alif  >rm.i  Research  \LC  Hen  u  '  \>  ’  )  .August  81  1  *.>T 
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1  .  3  .2 .  2  l '  n  1 1  s 


Of  the  morn  units  in  which  !  >  express  gamma  dosage,  the  roentgen 
nas  tieen  most  popular  and  meaningful  (though  >niy  approximately  correi  t) 
Contract  lubricant  specifications  were  stated  in  terms  of  the  roentgen. 
Measurements  in  t  te  M'l  K  Canal  Soim  t‘  aie  noth  dr t  1  r  mined  (h\  replai  mg  the 
sample  with  the  monitor)  and  reported  in  terms  of  the  roentgen1  Thus  the  term 
became  familiar  and  was  used  in  planning  irradiations 

Ac  tualh  the  r  lentgen  <  annot  he  applied  to  ref!e<  t  eon  ectiy  the 
energy  adsorbed  in  hydrocarbons  A  more  fundamental  unit,  ergs  per1  gram,  is 
preferred  bv  Wright  Air  Development  Center  (W.A  JC  )  This  unit  is  referred  to 
car  bon  as  a  stanuard  and  is  expressed  as  ergs  g  C  All  gamin  i  dosages  m  tins 
report  have  been  converted  h>  ergs  g  C  by  applying  the  simple  fat  tor, 

87.  1  ergs  g  C  per  roentgen-  Thus  the  dosages  reported  are  only  approximate, 
true  dosages  in  ergs  g  C.  which  would  vary  wun  hydrogen -ear  bon  rati  etc.  . 
of  material  irradiated,  would  require  a  much  more  vigorous  treatment 
Corrections  were  not  made  for  attenuation  by  th°  walls  of  irradiation  c  oritamers 
Calculations  showed  that  this  attenuation  ranged  from  about  3%  to  3  "o  ‘  for  the 
various  container  configurations  used  This  er  ror  was  ignored  as  it  was  w>  il 
within  the  accuracv  of  measurement  of  radiation  received  by  the  sum;  ms. 

1  .  3 . 2 .  3  Conta  i  no  rs 

As  the  exposure  zone  in  the  MTR  Gamma  Canal  Source  i>  under 
18  feet  of  water,  special  containers  were  needed  for  the  irradiation  of  samples 
Several  types  of  vessels  were  used,  depending  on  the  quantity  of  organic  fluid 
to  be  exposed  and  also  whether  the  container  was  to  be  sealed.  The  h  inzontal 
dimensions  of  the  MTR  gan  rna  grid  are  3  inches  by  12  inches  and  the  usable 
depth  about  24  inches.  Sample  containers  were  placed  in  outer  canisters  which 
were  within  these  dimensions.  It  was  convenient,  for  example,  t  >  use  a  3-irv'h 
OI)  aluminum  pipe  as  an  outer  canister.  Four-drain  glass  vials  w  me  a 
convenient  type  of  inner  container  for  exposing  10-in)  samples.  A  vent  hob*  was 
b  med  in  the  plastic  too  in  each  c  ase,  a. id  the  outer  canister  was  then  vented  to 
the  canal  surface.  In  exposures  in  which  it  was  desired  to  ex<  lucie  air  <  apsules 
of  4  10  stainless  steel  were  substituted  for  the  glass  vials  In  <ort  e  t  rises  the  out 
canister  was  provided  with  rnchron  e  heaters. 

*  C.  H  Hogg.  Garun  n-Ray  Dosage  Rate  Measurement  I'S  \F(  Dot  urt  **nt 
IDO- 1  r>2(»5.  N  n'ernber  22.  1M55. 

2 

*"  Proc  edure  requester]  by  WADC  personnel 

3 

Lower  anci  upper  limits  assuming  no  or  complete*  loss  r«*spe<  *ive  . 
of  scattered  gamma  re.s 

^  N  P  Shiells,  R  O  Holt  and  .1.  G  (  arroll  .Safe  Contain  m-  Hold 
Organic  s  for  Irradiations,  Nu<  leorn<  s.  1  t  N  4  August  ’  *  ‘ 
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In  ri.an\  ms  tan*  es  {u.ini  i  In  s  \u  t;er  •  nr.  10  ml  of  irradiated  fluid 
were  desired  A  convenient  <  onlainer  *.is  :r,.i  le  by  using  i-I  2  in<  h  square 
a  In  mi  nun  tubing.  Four  2i -inch  sections  mtrt  welded  together  to  form  a  four  - 
*  !en  ent  (  nilamer  eiu  h  element  held  about  t>25  ml  of  fluid.  Vents  were  again 
pi  iViiied  to  the  canal  surface  The  largest  pra<  ‘oal  quantity  of  fluid  for  a 
single  exposure  '*;is  about  2-1  2  gallons  This  was  contained  in  an  aluminun 

tank  whit  h  conformed  t  )  the  full  gam  n  a  grid  dimensions. 

1  .2  2  'I  cat  Methods 

Physical  and  chemical  properties  ami  performance  in  bench  tests 
a  ere  measure  i  by  standard  n  ethods .  whenever  possible.  In  the  few  instnm  es 
where  special  tests  were  used,  th*‘  procedures  are  noted  m  the  text. 

Appendix  !  cites  standard  methods  by  source  and  number  it  also  dm  i  rubes 
s  o«  ■  e ;  a  I  tests. 

1  4  Orgaar/.at ion  of  the  Report 

The  report  is  mgani/od  into  six  additional  sections  as  follows 

Section  11  Exploratory  Materials  -  pr  tperties  and  test  data 

on  base  fluids  which  wer  e  s yr.thes  r/.ed . 

Section  111  Lub  mating  Creases  -  development ,  test  data, 
and  status. 

/• 

Section  IV  Hydraulic  Fluids  -  development,  test  data, 
and  status 

Sectiui  V  Engine  Lubricants  -  dcel opment ,  test  data, 

and  status. 

Seen  m  VI  Gear  Lubricants  -  status 

Section  Vi!  .let  Fuels  -  test  resubs, 
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U) 


W  It  u 


A.  C.  Ft  l  i  i  :i  g ) 


2  I  1  nt !  du t  ti on 

The  (  \;  lo:  at  ir\  svirhi^is  pr  gvao  for  l v  * »  «  :iir,u  t  \ea  t  designed 

*o  pt’i  n  t  a  systematic  ,-tudv  am:  p:  *'!  ’  minarv  e\ a  i  u  t  •  iud  >f  ,i  i.ini't;.  n(  iV':’  n.il 

classes  ns  possible  bn  -e*  fluids  fit  lubricant  f- mnurlu ti ons  .  1  be  pro, pi  *  re  was. 

in  par.,  a  <  ant  ir.uanon  ami  •  xter.sion  »f  'be  pr*‘vr  us  .ear's  developmei  ts 

F:i  pnasrs  w  as  plat  •■(!  >n  the  prenatal!  a  of  .ils.it  \i  «  an;  mils  in  view  of 

demonstrated  radiatin'  t''«is'a:  e  of  arormri  "liter  ds  I'he  pen*  •  i!  lapses 
of  <  o : t  ;  juncis  explored  were  n  d:  *  at  hot  >  e'hcrs,  am!  est*  rs  Vari.nbh  s 
•vhu  n  ’.veto  studied  lm  ludeci 

a  .N.iture  ,  position,  ami  mm.be:  if  a!k\  1  <ham  ntt.ai  riment  s 

1 1 .  A !  k  v  1  e h a  in  s  t  r  u *  ’me 

<  Mature  and  :  s  ti  m  of  ar  >  a*n  me  le  .s 


(! . 


Alkvl-t  win1]  art'  hi  ratio. 


Correlations  were  made  between  strut  Jure  and  oxidative  thermal  and 
radiation  stabilities,  and  between  phvsienl  properties 

In  addition  to  tin*  e\p|oratar;.  svnthesi  progi  an. ,  ’a:  per  preparat:  ms 
if  p  romi  strut  fluids  were  maile  to  allow  full  male  evaluation.  Several  nan  nc  s  of 
an  alk>l  selenide  oxidation  inhibitor  with  improved  low  temperature  properties 
were  synthesized.  An  investigation  was  initiated  m  the  field  of  V  I  improvers 
for  hvdruwlie  fluids.  In  tins  the  s\ tithes  is  and  or  <*  i  i  n  ,i:a  r  \  ev;  luatior:  of  polymeric 
materials  possessing  resistance  t  »  radiation  damage  were  tarried  out. 

For  all  compounds  svnthesi/ed  certain  stdeeted  phvsu  al  properties 
were  o:  tamed.  These  data  ate  tabulated  f  >r  the  various  organ:*  *  lasses  and 
dm*  us.-ed  m  later  set  tions.  Froit  trus  l  nfor  run  1 1  on  ,  fluids  were  'diosen  for 
nv  extensive  evaluations  Da'.i  on  'irsc  seb‘<  ted  fluids  t :  >■  .il,-  >  tabulated 


-id  * 


a  ne: 


lseu.-sed  in  later  so  M  ns. 


Ha.se  Fluids  and  Additives 


Alurnnun  chloride-  a;al  /eci  <dr  'minis  with  1  -olefiriS  were  used 
frequent!;.  in  this  worm,  to  introduce  sec  mdar  a'.r.  ,i  g:  nr,  s  on  nromittic  rings 
Structural  represent;.’  rr.s  >f  t:  *‘se  alkyl  de:  ;  .atives  m  1  .hies  %  through  XXI 
depict  ntachrr.ent  at  the  nu’nl  -m  two  carl  on  e  to  ■  defin.  Crider  the  eorditi  ms 
employed,  the  point  >.  attachment  n  *•  ar  .  t.irhon  other  than  the  terminal 
one  if  the  paraffin  chain.  No  i"."r  •  *  was  m.i  ie  to  determine  the  degree  of 
*.  me  urrent  me*  a  and  nar.i  ircntati  n  with  hi**  introdu*  ti  on  of  more  *d  m  mo 
sei  m  da  ry  alkyl  group .  Normal  *lkvl  gr  ups  introduced  via  arylatiofi,  followed 
nv  reriu  ti  >n,  vi elded  >nl  •  e  ;<tra  r-  r  iml  ■hi'«c  ire  r,-pre  s<  Mt<  d  a>  «  or  d  ngiv 
ir  the  tables. 
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Thf-  distillation  of  intermediate  and  final  products  '*a^  performed 
with  simple  laboratory  apparatus  using  short  Vigreaux  rolmnns  Temperature 
; i  **asurernents  woo*  made  v  ith  ur.c  rim  ted  thermometers,  and  pressures  were 
measured  by  I)ul  t  non  pages  at  a  ;  nut  in  the  system  somewhat  removed  from 
the  <  olurnn  head  Readings  were  unreliable  at  oressures  below  1  min. 


Estimated  pour  points  were  made  on  small  samples  of  fluids  as 
AS  TM  pour  values  did  not  always  define  true  low  temperature  properties 
(e.p  ,  n-nonyi  diphenyl  ether  ASTM  four.  -4o°h,  small  scale  pour,  -  2  0°  F ) ' 


2.2  1  Syntheses 

2  '2.  1  1  Alkaryl  Ethers 

The  ethers  of  Table  V  w^re  synthesized  by  refluxing  isopropanol 
solutions  of  alkali  phenolates  woth  appropriate  alkvl  halides.  The  high  pour 
or  melting  points  of  these  compounds  are  serious  disadvantages.  For  example, 
1  ,  'i -bis(phenoxv)hexarie  melted  at  1  83®  F.  whereas,  1  ,  6 -diphenylhexane  had  a 
pour  point  of  a®  F . 


-.2.1  2  Esters 

Most  *f  the  esters  of  Table  VI  were  synthesized  by  alkylating" 
benzene  or  diphenyl  ether  with  ethyl  underylenate  using  aluminum  chloride 
catalyst  The  2-ethylhexyl  esters  were  prepared  by  transesterification  of  the 
ethyl  esters  using  litharge  catalyst  * 


The  synthesis  of  diisoootyl  terephthalate  was  presented  in  the  1956 
Summary  Report-*.  Hydrogenation  at  392®  F  and  2800  psi  to  the  hexahydro 
derivative,  using  Raney  nickel  catalyst,  lowered  the  viscosity  and  increased 
the  viscosity  index  without  c  hanging  the  low  pour  point 


2.2.1  3  Alkv  lbenzenes 

— _ _ m. . . —  .  -  - - . 


Four  of  the  alky  lbenzenes  of  Table  VII,  2 -phenvlhexadeeane , 

1  0  -  phenyleicosane ,  1  1  -phenyldocosane.  and  1  -  phenyl -octadecene ,  were  not 
synthesized  on  this  project  but  were  available  from  other  work.  They  were 
prepared  by  alkylating  benzene  with  1 -octadecene  using  aluminum  chloride 
catalyst  Only  the  last  of  the  list  had  a  sufficiently  low  pour  point  to  be  of 
interest,  although  all  had  good  viscosity  properties  Similarly,  the 
sec-octadecylbenzenes  ban  g  iod  viscosity  but  poor  pour  characterisT cs 


\n  expeditious  procedure  for  pour  determinations  consisted  of  charging 
o  cc  material  1 1  a  small  vial  equipped  with  a  low  temperature  thermometer 
The  vial  was  placed  in  a  Dry  Ice -acetone  hath,  and  the  temperature  was 
gradually  1  iwt  red.  The  vial  was  swirled  intermittently  ,  and  the  temperature 
at  which  tin*  sample  ceased  tc  flow  was  observed  The  material  was 
allowed  to  liquefy  and  the  procedure  repeated 

C  \  1  homos  \nfiycir  ms  Aluminum  Chloride  in  Organic  Chemistry, 
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n-Nonylbenzene  was  synthesized  by  acylating  benzene  with 
pelargonyl  chlor  ide,  followed  by  Wolff-Kischner  reduction  of  the  ketone 
(See  Appendix  II.)  A  repetition  of  this  process  substituting  n  -  norm  lbenzene 
for  benzene  yielded  di  (n -nonv  1  )benzenc .  Alkylation  of  n- nony lbenzene  with 
1  or  tene  yielded  see  -  octyl -n  -  nonvlbenzene . 

2,2.1  4  Alkyl  Diphenyl  Ethers 

In  order  to  permit  extensive  screening  tests,  a  300-pound  batch 
of  (  j  4.  i  5(00/ 50  )-sec  -  alky 1  diphenyl  ether  was  synthesized  at  an  early  date. 

1  be  method  of  synthesis  is  found  in  Appendix  III  and  was  typical  for  the 
introduction  of  secondary  alkyl  groups  on  the  aromatic  ring  of  the  rnanv 
<  ouipounds  synthesized,  particularly  for  the  alkyl  diphenyl  ethers  of 
Table  VIII  Normal  alkyl  groups  were  introduced  bv  acylation,  followed  by- 
reduction.  as  des<  ribed  in  Appendix  II.  Two  of  the  compounds  in  Table  VIII 
were  s\nthesized  by  the  I’llmann  reaction! ,  involving  the  metathesis  of  an 
alkali  phenolate  with  rn-brornotoluene  in  the  presence  of  activated  copper. 

These  were  rn-tolyl  m -n  -  pent  adec  ylphcnvl  ether  and  the  intermediate 
m-toIylphenyT ether.  The  bitter  was  acvlated  and  reduced  to  obtain  m-tolyl 
n-tctrade<  vlphenyl  ether. 

The  several  higher  molecular  weight  alkyl  diphenyl  ethers  were 
prepared  as  grease  bases.  Of  these,  the  poly- sec -dodecyl  product  proved  to 
be  the  most  suitable.  Details  of  the  preparation  of  10  pounds  of  this  material 
•are  given  in  Appendix  IV 

2.2.  1.5  Diar  vial  kanes 

—  ■  -  jk - -  .  - - 

The  method  of  synthesis  of  the  diarylalkanes  in  Table  IX  is 
reported  in  Appendix  n.  This  method  is  generally  applicable  for  the 
introduction  of  normal  alkyl  groups  into  an  aromatic  nucleus.  Secondary- 
alkyl  groups  [as  in  phenyKsec -tetradccylphenvlhsodecane^]  were  introduced  by 
the  method  given  in  Appendix  III  for  a  diphenyl  ether  derivative.  The  compound, 
dic  vclohexy  lisodecane ,  was  included  in  Table  IX  for  convenience  and  was 
prepared  by  hydrogenating  diphenylisodecane  at  3.42°  F  and  2200  psi  over  Raney 
nickel  catalyst.  Unexpected  difficulties  were  encountered  in  the  synthesis  of 
the  three  hi sdnitylphenyDnonanes .  Each  contained  about  5%  of  unreduced  ketone. 
The  contribution  of  the  impurities  to  the  properties  has  not  been  resolved,  since 
attempts  to  completely  purify  these  compounds  have  been  unsuccessful  thus  far. 

2.2.  1  .  0  Miscellaneous  Compounds  and  Intermediates 

The  properties  of  several  compounds  not  fully  characterized  are 
given  in  Table  X.  The  polyoctvl -m-terphcnyl  was  prepared  for  use  as  a  radiation 
resistant  grease  base.  It  was  sy-nThesized  by  aluminum  chloride  alkylation  cf  m- 
terphenyl  w  ith  I -octene  in  carbon  disulfide  solvent.  Polynonylphenvl  was  the 
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result  of  an  attempt  to  prepare  a  polymer  by  the  method  of  Appendix  D  using 
1  mole  of  azelaii  acid  chloride  with  slightly  less  than  1  mole  of  benzene  The 
viscosity  of  the  product  indicated  a  lower  molecular  weight  than  desired. 

The  synthesis  of  1,1,  3-tnrnethyl-3 -phenylindane  was  accomplished 
by  dropping  alpha-methylstyrene  into  a  stirred  mixture  of  benzene  and 
concentrated  sulfuric  acid  at  f>8°  F.  The  str  ucture  was  confirmed  by  infrared 
spec  tra.  Acylation  of  the  substituted  indane  and  subsequent  Wolff-Kischner 
reduction  of  the  ketone  were  performed  according  to  methods  previously 
indicated.  The  viscosity-temperature  characteristics  of  the  resulting 
a  Iky lphcnyiindane  were  too  poor  to  allow  further  immediate  interest  in  this 
class  of  materials. 

The  substituted  diphenvlmethanes  and  benzyl  alkyl  diphenyl  ethers 
were  of  indefinite  structure.  These  materials  were  prepared  by  reacting 
benzyl  chloride  or  alkylbenzyl  chloride  with  either  an  alkylbenzene  or  alkyl 
diphenyl  ether  using  chloroform  -  modified  aluminum  chloride  catalyst.  Some 
of  the  heterogeneous  products  had  good  viscosity  and  pour  characteristics, 
thereby  being  of  interest  in  this  stud\ .  An  attempt  to  synthesize  n-nonyl 
ciiphenyl methane  by  the  method  of  Appendix  II  failed. 

Some  of  the  intermediates  obtained  in  the  synthesis  of 
exploratory  bast*  fluids  were  purified  d-.ring  the  course  of  the  work.  Certain 
physical  properties  of  these  intermediates  are  given  in  Table  XI. 

2  .  2 .  1  .  7  Bis(tndecyl)  Selenide 

It  was  shown  in  the  19f>fi  Summary  Report1  that  selenides  are 
promising  oxidation  and  radiation  damage  inhibitors.  A  principal  difficulty 
was  the  solubility  of  the  available  didodecvl  selenide  in  base  oils  at  low 
temperatures.  A  bis(triuecyl)  selenide  was,  therefore,  synthesized  from 
Enjay  Oxo-tridccyl  alcohol  to  obtain  a  material  with  better  low  temperature 
properties.  Several  batches  of  this  selenide  were  made  by  the  method 
described  in  Appendix  V.  The  resulting  product  was  a  nonviscous  liquid  at 
-liO°F  and  had  a  pour  ooint  of  below  -f>0c  F 

2.J.1.8  Physical  Property-Structure  Relationships 
for  Exploratory  Base  Fluids _ 

A  comparison  of  physical  pror><*rties  of  members  of  a  given 
structural  class  reveals  certain  trends  which,  should  be  of  material  aid 
in  tailoring  base  fluids  with  desirable  functional  characteristics. 

J  .  J .  1  .  8 .  1  A  lka  ryj  Ethe  rs 

Structural  differences  of  substituent  groups  in  this  class 
produced  unusually  marked  differences  in  physical  properties.  Isodecvl 
3 -n-pentadecylphenyl  ether  (A)  and  n-hexadecyl  oet\l(from  diisobutylene)  - 
phenyl  ether  (B)  illustrate  this  point  as  they  have  nearly  equivalent 
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mole-i  ular  weights  and  alkyl  -aryl  <  arbon  raiios  Substantial 
superiority  in  pour  and  viscosity-temperature  characteristics  is 
shown  for  Compound  A 


O-i  c10 
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2  2  1.83  Esters 

Enhancement  of  V.l  and  no  impairment  of  low  temperature 
properties  resulted  from  the  hydrogenation  of  an  aromatic  diester.  An 
increase  in  V  I.  from  9  3  to  130  and  concurrent  lowering  of  viscosity  level 
were  accomplished  by  saturation  of  the  aromatic  ring  in  diisooctvl 
t  ere  phthalate 


Esters,  prepared  by  the  alkylation  of  aromatics  with  an 
olcfinic  monobasic  acid  ester,  exhibited  reasonably  good  viscosity  indexes  and 
satisfactory  pour  properties.  The  range  of  viscosities  was  quite  broad,  being 
dependent  upon  the  nucleus  number  of  substitutions,  and  type  of  estenfying 
alcohol  The  significance  of  position  of  attachment  of  second  and  third 
substituent  groups  has  yet  to  be  established. 

3.2.  1  8.3  Alkyl oenzenes 

The  V.  1.  proper  ties  and  moderately  good  pour  of  1 -phenyl- 
octadecene  are  noteworthy.  Apparently  isomerism  about  the  double  bond  is 
responsible  for  the  observed  low  temperature  properties  and  imposes  no 
sacrifice  in  viscosity-temperature  characteristics  The  olefinie  character 
of  this  fluid  probably  limits  its  application  as  a  lubricant.  Unpublished  API 
data  have  indicated  the  excellent  V  1  of  p-di(n - deeyDbenzene .  It  melts,  however, 
slight  Is  above  room  temperature.  Improvement  in  low  temperature  properties 
was  explored  by  examining  the  nunvl  honiologue  and  i  ertain  di  alkyl  derivatives 
with  a  sufficient  amount  of  asymmetry  Para  -di(n  -nonyDbenzene  was  found  to 
have  good  viscosity-temperature  characteristics.  Branching  in  one  of  the  alkyl 
groups  (sec -octyl  group  meta  and  or  pa ra  to  the  nonyl  substituent)  gave  marked 
l  mprov  i-ment  ui  pour  but  at  the  expense  oT  V  1 


V .  I  1 5  2  1 0  4  C 
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Another  attempt  was  made  to  tailor  a  diaikylbenzene  with  optimum  physical 
properties  in  which  moderate  branching  occurred  at  a  carbon  removed  fr  ini  the 
point  of  attachment.  Such  is  the  case  for  p-2 -ethylhexyl -nony ibenzene. 
Complications  in  initial  syntheses  removed  this  compound  from  further 
immediate  consideration  The  judicious  adjustment  of  the  normal  chain  length, 
as  ■well  as  its  branched  chain  counterpart  on  the  para  position  of  the  aromatic 
ring,  could  conceivably  result  in  an  unsym  metrical  Tia  Iky  Ibenzene  with 
desirable  properties. 

2 . 2  .  1 . 8 .  4  Alkyl  Diphenyl  Ethers 

Physical  property- structure  correlations  for  sec -alkyl 
diphenyl  ethers  were  reported  in  the  1956  Summary  Report  The  study  was 
expended  somewhat  bv  the  synthesis  of  higher  molecular  weight  di-  and  tri- 
substituted  derivatives  as  potential  grease  bases.  The  effect  of  n-alkyl 
substituents  on  physical  properties  was  investigated.  Table  XII  summarizes 
per-tiner.t  data  on  the  various  alkyl  diphenyl  ethers  prepared.  It  illustrates  the 
effects  of  chain  length  and  nature  of  alkyl  attachment  on  viscosity,  V.I.  .  and 
po'jr. 


Table  XII 


Influence  of  Alkyl  Group  on  Properties 
_ _ of  Alkyl  Diphenyl  Ethers _ 


T 

o 
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The  position  of  secondary  alkyl  attachments  in  the  mixed  n-, 
se<  -alkyl  diphenyl  ethers  was  not  established.  However,  the  indicated 
structure  is  considered  consistent  with  observed  V.I.  and  low  temperature 
properties.  The  sec -alkyl  (C4,  Cg,  C ^  2 )  n-nonyl  diphenyl  etners  offer  the 
best  compromise  of  properties,  over  a  range  of  viscosity,  for  a  functional 
fluid  in  this  particular  structural  class. 

2.  2.  1.8.o  Diaryla lkanes 

The  properties  of  1 , 9 -diphenylnonane ,  reported  ir  the 
195b  Summary  Report^,  stimulated  an  interest  in  the  further  investigation 
of  the  diarylalkanes  as  possible  base  fluids.  A  study  was  made  to  ascertain 
the  effects  of  the  following  variables  on  general  physical  properties: 

a.  Paraffin  bridge  length  and  structure. 

h.  Type,  position,  and  nature  of  attachment  of 
substituent  groups. 

c.  Saturated  versus  aromatic  rings. 

The  influence  of  structure  on  viscosity,  V.  I.  ,  and  pour  is  illustrated  in 
Table  XM. 
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Table  XIII 


Effect  of  Chemical  Structure 
_ o n  Phy sical  Prop e  r  t  be  s_ 
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The  following  tentative  generalizations  can  be  made  ir.  regard  to 
st r-ueture -prope rty  correlations  with  the  diarylalkanes  examined 
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a  An  increase  in  chain  length  of  the  normal  paraffin  bridge 
produces  a  progressive  increase  in  viscosity,  V.I.,  and  pour.  (The  V  I  of 
1.  9-d iphenylnonane  is  an  exception.  No  explanation  is  acvanced  for  this 
apparent  anomaly  other  than  the  unique  contribution  made  bv  the  odd  number 
of  car  bon  atoms .  ) 

h  Branching  of  the  paraffin  bridge  gives  pronounced  improvement 
in  low  temperature  properties  but  a  concomitant  impairment  of  V.  I. 

c.  Replacement  of  c  arbon  with  oxygen,  e.  g.  ,  1  ,  6-bis(phenoxyl- 
hexane,  has  a  deleterious  effect  on  both  pour  and  V.  I. 

d.  Para  methyl  substituents  degrade  both  pour  and  V.  1.  However, 
methyl  groups  in  meta  positions  may  lowpr  pour  points. 

e.  Isomeric  butyl  groups  likewise  lower  the  V.  I.  but  appear  to  improve 
the  low  temperature  properties.  (The  extent  of  contribution  of  impurities  to 
observed  pours  and  the  probability  of  supercooled  fluids  have  not  been  fully 
explored.  )  The  pour  of  the  n-butyl  hornologue  is  indeed  surprising  The 
descending  order  of  V  I.  and  pour  for  the  butyl  series  is 

n-C^  ^  sec-C^  ^  tert-C,*  ^  fused 

f.  A  preferred  orientation  of  paraffin  and  aryl  groups  (with  s  nearly 
constant  alkyl-aryl  c  arbon  ratio,  equivalent  molecular  weights,  and  like  mode 

of  alk  vl  attachments)  follows: 

c  c  c 

cvfV-c-,  )  crc-0<>c-c, 

g  The  phenoxy -substituted  diarylalkane,  1 ,  9 -bis(phenoxvphenvl) - 
nonane,  exhibits  surprisingly  good  properties  in  view  of  its  symmetry  and  high 
aromatic  content. 

h.  Improvement  in  V.l.  with  a  moderate  sacrifice  in  low 
temperature  properties  can  be  accomplished  by: 

1.  Incorporating  inono-alkyl  (either  normal  or 
secondary)  substituent  groups. 

2.  Saturating  terminal  aromatic  rings. 

2.2.2  Evaluation  of  Compounds 

Thermal  and  radiation  stability  tests  were  conducted  on  the 
majority  of  exploratory  base  fluids.  Oxidation-corrosion  and  lubricity  tests 
were  performed  on  compounds  of  special  interest.  Preliminarv  evaluation 
results  are  given  in  Tables  XIV  to  XVIII,  inclusive. 
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2.2.2.  1  Thermal  Stability 


Screening  tests  were  conducted  at  700°  F  for  a  20-hour  period  m 
stainless  steel  capsules  under  a  helium  atmosphere.  (See  Appendix  1  ) 

Measured  gas  evolution  and  viscosity  change  after  this  treatment  were 
considered  sufficient  indication  of  relative  thermal  stability.  Although  the 
method  has  several  inherent  disadvantages,  it  was  an  expedient  means  for 
the  preliminary  evaluation  of  exploratory  compounds. 

A  direct  comparison  of  relative  stabilities  of  synthesized  base 
fluids  in  particular  structural  classes  is  given  in  Figure  1.  Precise 
correlations  were  not  established  between  structures  and  thermal  stability 
in  view  of  the  nature  of  the  materials  evaluated.  However,  certain  trends 
are  noteworthy,  and  some  generalizations  can  be  made  in  regard  to  thermal 
characteristics  and  sti  uctural  differences.  With  the  exception  of  1,6-bis- 
(phenoxy Ihexane,  the  alkaryl  ethers  (Table  XIV)  showed  considerable  changes 
in  viscosity  under  the  test  conditions  and  further  demonstrated  the  weakness 
of  this  structural  class  in  a  high  temperature  environment. 

The  alkyl  diphenyl  ethers  (Table  XV)  were  in  most  instances 
more  stable  than  the  alkaryl  ethers.  n-Dodecyl  diphenyl  ether  was 
particularly  promising  of  the  mono-substituted  diphenyl  ethers  investigated 
An  intercomparison  of  mono-  and  dialkyl  derivatives  with  a  relatively 
constant  alkyl-aryl  carbon  ratio  revealed  a  superiority  in  thermal  properties 
of  alkyi  groups  with  primary  carbon  attachments  on  the  aromatic  ring.  Such 
is  evidenced  in  the  following  order  of  stability:  m-tolyl  m- n-pentadecy lphenvl 
ether  )>  sec-butyl  n-nonyl  diphenyl  ether^>  Z\ 4-1  gTSO/ 50) -sec -alkyl  diphenyl  ether. 
An  increase  in  chain  length  of  olefin  (Cg  to  Cj2>  in  the  monoalkylation  of 
n-a  ^  yl  diphenyl  ether  resulted  in  impaired  thermal  stability  of  the  dialkyl 
compound.  The  presence  of  his(tridecyl )  selenide  oxidation  inhibitor  in  these 
particular  base  stocks  had  an  adverse  effect  on  high  temperature  properties. 

Test  data  on  n-nonyl  and  di-n-nonyl  diphenyl  ethers  appeared  to  h  e  anomalous. 
Those  compounds  need  further  evaluation.  An  intercomparison  of  di  and 
poly- sec -alkyl  diphenyl  ethers  indicated  a  significant  thermal  superiority  for 
the  pol\  -  substituted  derivative. 

None  of  the  exploratory  dibasic  acid  esters  (Table  XVI)  exhibited 
satisfactory  thermal  properties  at  700°  F.  Certain  of  the  alkylbenzenes  under 
study  (Table  XVU)  showed  surprisingly  good  stability,  sec -Octyl - n - nonylbenzene 
was  promising,  and  di(n-nonyl)benzene  was  the  most  outstanding  base  fluid 
evaluated  in  any  of  the  strut  tural  classes  investigated.  Enhanced  thermal 
stability  of  normal  alkyl  groups  with  primary  carbon  attachments  on  the 
aromatic  ring  was  again  demonstrated.  Trends  were  indicated  in  the  thermal 
characteristics  of  diarylalkanes  (Table  XVIII)  in  which  aromatic  rings  were 
coupled  with  aliphatic  chains  at  primary  carbon  atoms.  As  might  be  expet  ted, 
an  increase  in  length  of  the  paraffin  or  presence  of  branching  had  a  deleterious 
effect  on  thermal  properties.  No  ready  explanation  can  be  given  for  the  poor 
behavior  of  1  ,  ‘-diphenylnonane.  Check  runs  need  to  be  conducted  on  this 
material 
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An  interesting  observation  was  the  marked  improvement  in  stability 
when  the  aromatic  rings  of  diphenylisodecane  were  hydrogenated.  The 
saturated  derivative,  dicyclohexy  hsodecane,  was  equivalent  in  stability  to 
1,  1  O-diphenyldecane .  Further  measurable  improvement  was  observed  for  the 
diphen ylisodecane  with  an  incorporated  n-nonyl  alkyl  group  A  striking 
variation  in  thermal  properties  was  apparent  in  di -substituted  < C 4 ) 

1 , 9 -diphenylr.onanes .  Here  the  only  variation  in  structure  is  in  the  alkyl  (C4) 
substituents.  The  tert -butyl  and  fused  C4  (to  give  a  tetralyl  or  1 ,  2,  3, 4 -tetra- 
h_)d ronaphthy  1  structure)  groups  made  substantial  contributions  to  the  thermal 
stability  of  the  parent  1 , 9-diphenylnonane ,  whereas,  normal  and  secondary  butyl 
substituents  appeared  to  give  inferior  qualities.  The  order  of  stability  based 
on  per  cent  viscosity  change  was  as  follows.  1 , 9-bis(tert-butylphenyl)nonane  ) 

1 , 9  -bis(  1,2,3,  4-tetrahvdronaphthyl)nonane  )  1 , 9-diphenylnonane)  1  ,  9-bis  - 
<n- but ylphenvDnonane  )  1  ,  Q -bis(sec -butylphenvDnonane.  Phenyl-  and 
phenoxy-substituted  analogs  were  nearly  equivalent  in  stability  but  were 
inferior  to  the  parent  compound  in  this  regard. 

The  merits  of  assessing  an  order  of  thermal  stability  on  the  basis 
of  a  single  property  or  test  are  questionable.  However  an  attempt  was  made 
to  do  this,  and  a  tentative  order  of  exc  ellence  is  given  in  Table  XIX  for  all 
exploratory  compounds  tested. 

2.2.22  Oxidation-C'or  r  os  i  on 

Quarter- scale  oxidation-c  orrosion  tests  were  performed  only  on 
preferred  exploratory  base  stocks  in  Tables  XIV  through  XVIIl  at  temperatures 
of  either  400°  F  or  500°  F.  (See  Appendix  I.)  Parabar  441  and  bis(tridecvl) 
tselenide  were  used  as  oxidation  inhibitors  .  The  adverse  effect  of  the  selenide 
on  metal  corrosion  (copper,  silver)  was  anticipated.  Results  of  runs  at  500°  F 
a. re  of  questionable  significance  because  the  correlation  of  these  with  engine  data 
bias  yet  to  be  established  Valid  conclusions  about  relative  oxidation 
stability  of  the  various  compounds  examined  do  not  appear  to  be  justified  in  view 
of  the  limited  reproducibility  of  the  test  (refer  to  Section  5  on  gas  turbine 
lubricants),  as  well  as  the  small  number  of  materials  tested.  Within  these 
limits,  certain  trends  are  indicated  in  alkaryl  ether,  alkyl  diphenyl  ether,  and 
ci  iar  via  lkane  structural  classes. 


Enhancement  of  oxidation  stability  by  the  tertiary  octyl  group  was 
evidenced  in  the  400°  F  runs  on  the  alkaryl  ether  series  (Table  XIV).  The 
following  decreasing  order  of  stability  was  observed: 

C  C 


c-c-c-c 


1  V 


^-0-n-Ci  r,  )  h” ^-0-i-Cjo  ^  ^  ^0-n-C qg 


C 


} 

n  -C 


15 


Vs  might  tie  expected,  the  susceptibility  to  oxidative  breakdown  in  alkyl 
diphenyl  ethegs  (Table  XV)  at  400*  F  increased  with  increasing  paraffin 
content  Di  (_C 1  ti- 18^2  ■  08)-sec-alkylj  diphenyl  ether  was  an  exception  in 
tbiis  case.  The  descending  order  of  stability  based  on  viscosity  increase  at 
1  00°  k  was  as  follows 
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TABLE  XIX 


VISCOSITY  LOSS  OF  BASE  FLUIDS  AT  70QCF 
( 20  Hours  -  Helium  Atmosphere  -  410  Stainless  Steel  Capsules ) 


Base  Fluid 


Per  Cent  Viscosity  Loss 
at  1C0°F 


n-Dodecyl  diphenyl  ether 

D1 ( n-nony 1 )benzene 

i ,9-Bls ( tert-butyipheny 1 ) nonane 

1 ,6-Dlpheny lhexane 

n-Nor.y  1-1 , 1 ,  3- 1 rime thyl- 3-pheny lindane 
10-Pheny le 1 cosane 


} 

) 


<‘3 


5-10 


ni-Tolyl  m-n-pentadecy lphenyl  ether 
sec-Octyl -n-nony 1 benzene 


}  10-15 


1 ,9-Bl  s( 1 ,2 ,3,4-tetrahydronaphthyl )nonane 
sec-Octyl  n-nonyl  diphenyl  ether 
sec-Butyl  n-nonyl  diphenyl  ether 


Phenyl (n-nony lpheny 1 ) lsodecane 
Poly-sec-dodecy 1  diphenyl  ethei 
1 , 10-Diphenyldecane 
sec-Octadecylbenzenes 
n-Nonyl  diphenyl  ether 

1- Phenyl -9- octadecene 
Dicyclohexy 1 lsodecane 
sec-Dodecyl  n-nonyl  diphenyl  ether 

1 .9- Diphenylnonane 

1 ,6-Bls(phenoxy ) hexane 

1 .9- Bls (n-buty lpheny 1 ) nonane 


} 


sec-Butyl  n-tetradecyl  diphenyl 

1 .9- Bls (phenoxypheny 1 ) nonane 

1 .9- Bis(blphenylyi )nonane 

C i 4- le (50/50 )sec-alkyl  diphenyl 


ether 

ether 


n-Hexadecyl  octyl (DIB)phenyl  ether 


1 ,9-Bls ( sec-buty lpheny 1 )nonane 
Bis ( ca  rbethy 1 hexoxydecy 1 ) benzene 
Polyoctyl  m-terphenyl 
Isodecyl  3-n-pentadecy lphenyl  ether 
Diphenyl lsodecane 


PI s ( cartethoxydecy 1 )benzene 
Dl^Cie-ie(32/68)sec-alkyi^]  diphenyl  ether 
1 ,o-Bls ( sec-hexy lpheny 1 ) hexane 

Phenyl (sec-tetradecy lphenyl )lsedecane 
D1 -sec-tetradecy  1  diphenyl  ether 
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15-20 

20-30 

30-40 

40-50 

50-60 

b0-70 

70-80 

80-90 

90-92 


d:  [C16-i8(32/t>8)-nec-alkyl  diphenyl  ether 

Cl  4-1  6 '^0/ 50) -sec-alkyl  diphenyl  ether  ~  n-dodecyl  diphenyl  eihe; 
di- sec -tetradecyi  diph*  nyl  ether 
poly-sec -dodecyl  diphenyl  ether 

The  gelation  observed  for  di-n-ncnyl  diphenyl  ether  is  attributed  chiefly  to 
impurities  in  the  sample.  The  unexpei  iediy  poor  results  from  n-nonyl 
diphenyl  ether  and  its  sec-alkyl  derivatives  have  not  yet  been  explained. 

A  gradation  in  stability  was  apparent  in  the  diarylalkane  series 
in  runs  at  500°  F  (Table  XVI11).  Terminal  phenoxy  substituents  on  1 ,  9 -diphenyl - 
nonane  contributed  substantially  to  oxidation  resistance.  Hydrogenation  of  aromatic 
rings  in  diphenylisodecane  likewise  enhanced  the  stability  of  the  diarylalkane. 

This  saturated  derivative  gave  the  most  promising  results  of  any  exploratory 
compound  tested  thus  far,  with  only  a  10%  gain  in  viscosity  at  100°  F.  The 
parallel  of  a  decrease  in  oxidation  stability  with  a  decrease  in  chain  length  of 
the  coupling  paraffin  is  indicated  i..  the  following  observed  order: 

0  /'"O  ) 


Test  data  are  incomplete  on  the  limited  number  of  esters  and 
alkylbenzenes  examined  (Tables  XVI  and  XVII).  The  i  -phenyl -9 - octadecene 
gave  anticipated  poor  results,  while  the  stability  of  1  0-phenyleicosane  was 
surprisingly  good. 

2  2.2.3  Radiation  Stability 

Irradiation  of  exploratory  base  stocks  was  conducted  entirely 
at  the  MTR  Canal  Gamma  Source  Ten  milliliter,  inhibitor -f ree  samples 
were  exposed  in  sealed  stainless  steel  capsules  under  a  helium  atmosphere. 
Each  fluid  was  irradiated  at  about  60°F  at  two  dosage  levels.  Viscosity  changes 
at  100°  F  and  210°F  and  the  volume  of  gas  evolved  were  measured  after  each 
expos  ure . 
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The  majority  of  the  compounds  examined  showed  less  than  a  10% 
viscosity  gain  at  1  00°  F  alter  a  dosage  of  1.0  x  10^  ergs  g  C.  Substantial 
different  es  in  viscose  ty  change  were  observed  with  additional  exposure  up 
*o  0  0  x  lo'O  ergs  ,  C.  An  index  of  damage,  7)\qI  ,  *vas  adopted  to  permit  an 
inter',  omparison  of  the  relative  radiation  resistance  of  materials  a.  a  given 
dosage  level.  1  -s  denned  as  thm  vu  'osity  (centistokes)  at  that  temperature, 

1 1 , . ,  at  which  the  viscosity  of  the  original  materials  was  10  centistokes. 

ids  tested, 
and  a 
fluids . 

Linearity  was  previously  shown  in  a  similar  plot  for  butyibenzene ,  within  the  region 
of  dosage  of  current  concern‘d. 

Table  XX  broadly  categorizes  chemical  classes  and  compounds  as  to 
their  relative  resistance  to  radiation.  The  apparent  superiority  of  1  ,  9 -bis(biphenyl) - 
nonane  and  the  substituted  indane  must  be  qualified  because  these  materials  were 
solids  at  the  exposure  temperature,  other  materials  were  liquid.  Only  a  few 
generalizations  may  tie  made  in  regard  to  structural  differences  and  observed 
radiation  resistance.  Moderately  stable  compounds  were  found  in  each  oi  the 
several  chemical  classes.  Apparently  the  relative  stability  warn  not  strictly  a 
matter  of  per  cent  aromatic  content;  factors  such  as  functional  groups  present  and 
points  of  attachment  also  contribute.  Most  of  the  diarylalkane  s  and  substituted 
diphenyl  ethers  exhibited  only  si  mil  differences  m  stability. 

2  .  11 .  2  .  4  Lubricity 

_ _ _ _  ... _ u. 

The  Mean  Hertz  Load  sereeniig  test  (described  in  Appendix  1)  was 
vised  to  evaluate  the  lubricity  of  selected  base  stocKS  (Tables  XIV’  through 
XV  Ill).  Representative  fluids  of  the  various  structural  classes  exhibited 
moderately  good  lubricity,  with  values  ranging  from  10-23  kg.  The  majority  of 
the  samples  tested  gave  values  gr  eater  than  15,  1 , 9 -hi sfphenoxyp’nenyDnonane  was 
the  best  material  of  all  with  a  value  of  23. 

2.  2.  3  Conclusions 

The  synthesis  and  evaluation  of  over  60  compounds,  representing 
primarily  five  different  structural  classes,  were  involved  in  this  preliminary 
effort  to  develop  promising  functional  fluids  for  lubricant  formulation.  A  summary 
of  data  from  this  study  is  given  in  Table  XXI.  An  arbitrary  rating  scale  was  used 
to  differentiate  between  the  potentials  of  particular  compounds.  Base  stocks  with 
reasonably  good  physical  properties  were  found  in  ester,  alky lhenzene,  alkyl 
diphenyl  ether,  and  diarylalkane  classes.  Within  the  limits  of  the  compounds 
studied  and  the  significance  of  available  screening  test  data,  the  following 
tentative  conclusions  were  made 


Individual  pjo  values  at  two  dosages  were  determined  for  the  compoui 
Logarithmic  plots  of  these  values  as  a  function  of  dosage  were  made, 
dosage  of  5.0  x  10^  ergs/g  C  was  chosen  for  the  interrelation  of  all 


K  O  Bolt  and  .1  G.  Carroll,  The  Radiolvsis  and  Kadiolvtic  Oxidation 
if  Lubricants,  ind  Eng  Chem  50.  No.  2,  February  1058. 

*> 

Keseareh  on  the  Radiation  Stability  of  Organic  T  luids ,  (California  Research  - 
\ L' C  Report  No.  6)  Til)  5143,  October  30,  1853,  ;i  84. 
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a.  Esters  are  inferior  to  the  other  classes  in  thermal 
characteristics  at  700°  F. 

b.  Within  each  class,  there  are  members  which  exhibit  good 
•  resistance  to  radiation. 

c.  Alkyl  diphenyl  ethers  and  diarylalkanes  appear  to  be  more 
stable  than  the  other  classes  to  cxidative  effects,  although 
few  materials  show  much  promise. 

d.  No  pronounced  differences  occur  among  the  classes  in 
lubricating  characteristics  with  the  exception  of  1,  9-bis- 
(phenoxyphenyl)nonane  which  is  exceptionally  good. 

e.  As  a  class,  the  alkyl  diphenyl  ethers  offer  most  promise 
for  further  development  as  lubricant  base  stocks. 

In  consideration  of  all  properties  of  compounds  under  study,  the 
f ollowirig  candidates  are  of  most  interest: 

Hydraulic  Fluid  and  Gas 
'Turbine  Lubricant  Bases 

a.  1,  9 -bis(n-butylphenyl)nonane 

b.  1, 9-bis(phenoxyp’nenyl)nonane 

c.  sec-butyl  n-nonyl  diphenyl  ether 

d.  sec-octvl  n-nonyl  diphe*  y  1  ether 

e.  sec-dodecy!  n-nonyl  diphenyl  ether 

f.  sec -octyl-n -nonylbenzene 

Grease  Bases 

a.  poly-sec -dodecyl  diphenyl  eth°r  (50%  bottoms) 

b.  1 ,  j -bis(  1 ,  2  ,  3 ,  4-tetrahydronaphthyl)nonane  (boiling  range, 

490-527°  F  per  0.3  mm) 

c.  bis(n-nonylpheriyl)methane  (indefinite  structure,  50%  bottoms) 

d.  polyoctyl- m -terphe.nyl 

2 . 3  Viscosity  Index  Improvers 

Preliminary  investigations  were  conducted  in  this  field  to  provide 
ingredients  for  hydraulic  fluids.  Commercially  available  V.I.  improvers, 

e.g.  ,  Paratone  N  and  Acryloids,  lose  thickening  power  rapidly  when 
exposed  to  radiation*.  Initial  studies  were  directed  toward  polymers  containing 
aromatic  rings  to  improve  radiation  stability. 

*  '  Madiation  Resistant  Lubricants  -  Their  Development  and  Status,  (California 
Research- AEC  Report  No.  7)  TID  5186,  June  30,  1954  (CONFIDENTIAL). 
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2  3  I  Synthejit^s 


A  series  of  p:>iy(alpha -methylstyrenes)  was  prepared  by  low 
temperature,  solution  polymerization  techniques.  Boron  trifluoride  gas  and 
concentrated  sulfuric-  acid  were  employed  as  catalysts.  Methyl  chloride  was 
uhc(1  as  a  diluent  for  the  monomer.  Regulation  of  reaction  temperature  afforded, 
a  convi  .lent  means  of  varying  molecular  weight.  No  effort  was  made  to 
ascertain  the  breadth  of  molecular  weight  distribution  for  a  given  polymer 
preparation  Polymers  were  precipitated  from  benzene  solution  with  methanol 
prior  to  the  determination  of  intrinsic  viscosities.  The  general  viscosity- 
molecular  weight  range  was  indicated  from  the  empirical  relation  P])  *  KMa 
>r  a  styrene1  where  r  =  intrinsic  viscosity,  K  =  1.  03  x  10‘4,and  a  * 


fo 


0.  74. 


Table  XXII  summarizes  the  polymerization  conditions  and 
pertinent  data  obtained  from  the  series  of  runs.  Further  experimental 
details  are  given  in  Appendix  VI. 


The  polymers  were  alkylated  (HF  catalysis)  to  varying  degrees 
with  propylene  tetramer  and/or  n-l-duuecene  to  impart  solubilizing 
characteristics.  These  olefins  were  chosen  by  virtue  of  their  ready 
availability  and  their  pertinence  in  a  study  of  the  effect  of  nature  of  attachment, 
configuration  of  the  alkylating  group,  and  degree  of  alkylation  on  radiation 
stability  and  V  I.  improvement.  Para  substitution  on  the  aromatic  ring 
predominated  for  both  olefins  under  tlie  alkylating  conditions  employed. 
However,  the  nature  of  attachment  differed.  Propylene  tetramer  yielded 
attachments  at  tertiary  carbon  atoms;  whereas,  n-l-dodecene  yielded 
secondary  alkyl  attachments2.  Alkylations  were  perfoi  med  in  o-dichloro- 
benzcne  solvent  at  41°  F  and  at  a  constant  rate  of  stirring.  The  mole  ratio  of 
polymer/solvent/olefin/hydrogen  fluoride  war  1/18/2.7/41  (weight  ratio 
=  1/22.5/3.  P/7.  5).  Alkylation  time  varied  from  one  to  six  hours  Detain 

of  the  alkylat-on  procedure  are  in  Appendix  VU. 


Attempts  to  measure  degree  of  alkylation  by  carbon -hydrogen 
analyses  were  not  entirely  successful.  Recourse  to  other  methods  of 
analyses,  e.  g.  ,  infrared,  was  not  taken  because  neither  V.  I.  improvement  nor 
thickening  power  appeared  to  be  primarily  dependent  on  the  length  of  alkylation 
time  employed.  The  degree  of  alkylation  was  estimated  to  be  in  the  range  of 
15-50%. 


The  solubility  and  V.  I.  improving  properties  of  the  partially 
aLkylated  poly(alpha- methylstyrenes)  (A  PA  MS)  were  determined  in  a  typical  base 
fluid.  4.1  0-sec-alkyl  diphenyl  ether .  Intrinsic  viscosities,  molecular 
weights,  and  viscosity-V.  I.  relationships  in  the  alkyl  diphenyl  ether  are 
summarized  in  Table  XXIII.  A  comparison  of  intrinsic  viscosities  in  benzene 
of  the  original  poly(alpha -methylstyrenes )  and  the  corresponding  partially  alkylated 
derivatives  indicates  little  depol vmerization  occurring  during  alkylation. 

1  "W.  R.  hrigbaum  and  P  J.  Flory,  J  Polymer  Sci  _M.  37  (1953). 

2 

Other  projects  at  Cal  Research. 
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POLYMnRIZATl  >N  OF  ALPHA-METHYLSTYRKN  r 
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Contained  5  oc  pyridine  moderator, 
das  on  surface  of  reaction  mixture. 

Methyl  hloride  solution  of  gas  sprayed  on  surface  of  reaction  mixture 
Determined  in  benzene  at  25*C . 


SUMMARY  MOLECULAR  WEIGHT,  VISCOSITY,  AND  VISCOSITY  INDEX  DATA 
OP  PARTIALLY  AUCYLATED  POLY . ALPHA-METHYLSTYRENES) 
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Determined  In  benzene  at  1*5*0 


ThiCKening  power  of  the  A  PA  MS  as  a  function  of  molecular 
weight  is  illustrated  in  Figure  2.  Similarly,  the  V.  I.  improving 
characteristics  of  the  A  PA  MS  family  are  shown  in  Figure  3.  The  viscosity 
indexes  of  the  upper  molecular  weight  members  of  the  series  compare 
favorably  with  Paratone  N  (polybutene)  and  Parapol  S-5G  (isobutylene -styrene 
copolymer)  and  are  slightly  inferior  to  Acryloid  710  [polyOai  ryl  methacrylate^  • 
TS'o  significant  differentiation  could  be  made  between  poly  (alpha-methylstyrenes) 
alkylated  with  propylene  tetramer  and  those  alkylated  with  n-l-dodecene  in 
regard  to  thic  kening  and  V.  I.  improvement  in  the  selected  base  fluid 

A  further  effort  was  made  to  synthesize  aromatic,  radiation 
resistant  polymeric  thickeners.  Substitution  of  an  alkylphenoxyethanol  for 
laurvl  alcohol  in  the  methacrylate  (Acryloid)  series  was  explored.  The  monomer 
was  prepared  by  oxyethvlating  an  alkyMC^phenol  and  subsequently  reacting  the 
alkylphenoxyethanol  with  rnethacrylvl  chloride.  Details  of  the  monomer  synthesis 
are  described  in  Appendix  VIII.  A  limited  number  of  solution  polymerizations  were 
carried  out.  Fifty  per  cent  monomer  solutions  in  benzene  were  treated  with  0.  1  % 
to  1  .  0%  C(,cx' -azodi-isobutyronitrile  catalyst  and  the  mixtures  heated  at  reflux 
temperature  (204°  F)  for  a  period  of  eight  hours.  The  polymers  were 
precipitated  with  methanol  and  dried  to  constant  weight.  Further  polymerization 
details  are  given  in  Appendix  IX. 

No  attempt  was  made  to  measure  molecular  weights  of  the  products, 
but  blends  were  made  in  Ci4-iQ-alkyl  diphenyl  ether.  Table  XXIV  summarizes 
the  polymerization  results  as  well  as  the  thickening  power  and  viscosity- 
temperature  characteristics  of  the  polymers  in  the  chosen  base  fluid.  The 
poly(alkylphenoxyethyl  methacrylate)  (APEM)  prepared  from  0.  1%  azonitrile 
catalyst  at  4%  to  6%  concentration  in  the  alkyl  diphenyl  ether  exhibits  V.  I. 
improvement  comparable  to  Acryloid  710  but  is  inferior  in  thickening  power. 

2.3.2  Irradiation  Studies 


Gamma  exposure  studies  were  undertaken  to  ascertain  the  relative 
stabilities  of  the  A  PA  MS  and  APEM  polymers  described.  Comparative  tests  were 
also  made  with  the  commercial  polvbutenes,  poly(alkyl  methacrylates),  and 
isobutene-styrene  copolymers.  The  relative  thickening  power  of  these  polymer 
types,  in  C14-  1  p, -sec -alkyl  diphenyl  ether,  is  depicted  in  Figure  4.  The  upper  and 
lower  curves  for  a  given  polymer  represent  the  limits  of  effectiveness  of  the 
various  materials  selected  for  intercomparison.  In  the  irradiation  work ,  different 
molecular  weight  polymers  were  used  to  thicken  the  inhibitor- free  ether  base  oil 
to  1  0  +  0.  3  centistoke  at  210°  F.  These  blends,  approximately  B  cc  each,  were 
placed-  in  Pyrex  containers  open  to  air  and  exploseri  in  the  cobalt-60  source  at 
about  7  5°  F.  Viscosity  measurements  at  1  on°  F  and  2  1  0®  F  wer  e  made  at 
appropriate  intervals. 

Table  XXV  summarizes  the  irradiation  data  obtained.  The  base 
fluid  showed  a  small  increase  in  viscosity  and  a  constant  viscosity  index  over  the 
dosage  range  indicated.  Gross  differences  were  found  in  the  radiation  resistance 
of  the  polymer  blends.  The  order  of  stability  was  A  PA  MS  )  APEM  y  Parapols^) 
polybutenesN  Acrvloids. 


4  3 


WA  DC  TH  56-646  Pt  II 


VISCOSITY  AT  2 10° F .  CEUTISTOIES 


FIG.  2  -  THICKENING  POWER  OF  APAMS  IN 

C | u-  I©- alkyl  diphenyl  ether 
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VISCOSITY  INDEX  IMPROVING  CHARACTERISTICS  OF 
APAMS  IN  C,u_,e-AIKYI  DIPHENYL  ETHER 
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-Azodi-lso-butyronltrl le . 
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.  4  -  THICKENING  POWER  OF  POLYMERS 
IN  C,U_|6-ALKYl  DIPHENYL  ETHER 


Depeudt  n<  e  of  stability  on  molecular  weight  was  shown  for  the 
A  PA  MS,  polybutenos ,  and  Acryloids  As  might  be  expected,  the  lower 
mo  let  i:!;ir  weight  representatives  in  each  class  gave  less  viscosity  loss.  This 
is  illustrated  for  the  Ac  ryloid  and  A  1  A  MS  families  in  figure  5.  The  A  PAMS 
were  super  i  n  r>ut,  in  addition,  considerable  improvement  in  stability  existed 
over  a  narrower  concentration  range  f  >r  the  A  PA  MS  than  for  the  Acryloids. 
However,  this  may  not  be  real  because  the  polymers  used  were  not  of 
comparable  molecular  weight.  Likewise  the  superiority  of  A  PE  M  over  the 
Ac  ryloids  may  be  due  to  a  molecular  weight  disparity  rather  than  indicative 
o.'  an  inherent  stability  of  the  alkylphenoxyethyl  group  in  the  methacrylate 
monomer  unit.  Evaluation  of  lower  molecular  weight  polyfalkyl  methacr y late) 
homologies,  with  substantial  V  1.  improving  characteristics  is  suggested. 

The  Ac ryloid  ashless  detergent  V.I.  improvers,  Acryloids  917 
and  tfjfi,  were  indistinguishable  from  the1  other  Ac  ryloid  polymeric  thickeners  in 
radiation  resistance  when  compared  in  the  same  molecular  weight  range. 

Similarly,  no  stability  differentiation  could  be  made  with  polvfalpha- methylstyrenes) 
partially  alkylated  with  propylene  tetramer  and  n-  1  -dodecene .  Data  were 
insufficient  to  permit  a  valid  interc  omparison  of  the  Parapols  and  A  PAMS  on  a 
molecular  weight  basis.  At  a  constant  alkyl-aryl  carbon  ratio,  a  significance 
in  paraffin  configuration  in  the*  polymers  could  possibly  be  established. 

The  viscosity  loss  with  gamma  irradiation  for-  the  various  polymer 
classes  under  study  is  shown  in  Figure  C>.  A  fixed  concent  ration ,  1.  4%,  was 
used  in  the  alkyl  diphenyl  ether.  The  Aeryloid  curve  is  interpolated  from 
Figure  [>.  By  coincidence  each  blend  had  an  original  viscosity  of  10  cs  at 
210°  F.  The  A  PA  MS  were  again  superior.  Figure  7  illustrates  the  V.I.  - 
viscosity  relationships  for  these  polymers.  The  V.I.  of  the  base  fluid  is 
114,  a  point  on  the  abscissa  of  the  plot.  The  curvature  of  the  dosage-level  tie 
lines  is  of  no  particular  significance.  However,  the  points  of  intersection 
with  the  V.I.  -viscosity  curves  are  noteworthy.  Mthough  the  polvbutene  and 
Acrvloid  give  an  initial  measurable  V.I  advantage,  substantially  less  viscosity 
and  V  I.  losses  are  observed  for  the  A  PAMS  after  the  gamma  irradiation 
indicated.  N'o  attempt  was  made  to  explore  higher  dosage  regions  where 
complicated  secondary  effects  in  thickening  and  V  I.  could  be  anticipated. 

2.  3.  3  Kecornmendations 


Supplemental  studies  are  warranted  to  further  elucidate  and 
qualify  the  A  PA  MS  as  V.  I.  improvers  for  hydraulic  fluids.  Further 
investigations  should  include  the  determination  of. 

a  Optimum  degree  of  poly(alpha-methylstyrene)  alkylation 
to  obtain  maximum  V  1.  improvement. 

t>  Optimum  length  of  paraffin  alkylate  for  maximum  V.  I. 
effect . 

c.  Stability  of  lower  molecular  weight  hoinologues  (some 
sacrifice  m  V  1  improving  cha rac  t eristics  is  expected). 


oO 
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DOSAGE.  1C9  ERGS/g.  C 

FIG.  5  -  F«  AD  I  AT  I  ON  INDUCED  VISCOSITY  LOSS  AS  A  FUNCTION  OF  POLYMER  STRUCTURE 

ALL  BLENDS  IN  C  ,  4_ , g-ALXYL  0 1  PHENYL  ETHER. 

V2 10  1C  cs  AT  (PER  CENT)  CONCENTRATION 


ALiVL  DIAHfBTl  1  TWF  • 
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DOSAGE,  I09  ERGS/g.  C 

I  -  VISCOSITY  LOSS  or  POLYMERS  during  gamma  irradiation 

POLYMER  CONCENTRATION  IN  C,4_(6~ALKYL  DIPHENYL  ETHER,  1.4% 

ALL  BLENDS  Vo,n  =  10  cs 


d.  Solubility  and  V.  I.  improvement  in  other  types  of  base 
fluids. 

e.  Shear  and  theimal  properties. 

f.  Effect  of  inhibitors  on  radiation  stability. 

Other  polymeric  structural  types  containing  appreciable  aromaticity  are 
worthy  of  evaluation  as  potential  V.  I.  improvers  for  hydraulic  fluids. 

These  include  alkylated  derivatives  of. 

a.  Polystyrenes 

b.  Poly(£-phenylstyrenes)  and  (p-phenyl-alpha-methylstyrenes) 

c.  Poly(£-phenoxystyrenes)  and  <£-phenoxy- alpha-methylstyrenes) 

d.  Polyphenyls 

e.  Butadiene-  styrene  copolvmers 

f.  Poly(phenyl  and  phenoxyethyl  acrylates) 
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3  LUBRICATING  G  HE  ASKS  (B  W.  Hot  ten) 


3  1  Introduction 

Previous  research'  showed  that  greases  having  much  better 
radiation  resistance  tnan  possessed  by  commercially  available  products  could 
t>e  made  with  the  aid  of  syn'ietic  alkyl  aromatic  oils  and  aromatic  gelling 
agents.  The  1957  program  was  aimed  at  further  improvements  in  radiation 
resistance  and  other  functional  properties,  such  as  life  m  bearings  at  high 
temperatures.  Vacations  in  gelling  a  gents ,  oils,  and  the  third  important 
grease  ingredient,  additives,  were  studied. 

Greases  described  in  this  section  were  made  by  the  following 
general  procedure.  The  saponifiable  portion  of  the  gelling  agent,  e.  g.  , 
methyl  -  N-oetadecylterephthalamate,  was  dissolved  in  tht  oil  by  heating 
to  about  300°  F.  The  mixture  was  cooled  to  about  150°  F,  and  the 
saponifying  agent,  e  g.  ,  sodium  hydroxide,  dissolved  in  water  was  added. 
The  mixture  was  heated  to  about  350°  F  to  complete  the  saponification  and 
dehydration.  It  was  then  pan  cooled  and  milled  through  a  1  4-ineh  needle 
valve,  opened  abojt  a  half  turn,  at  about  4000  psi  pressure.  Additives,  when 
used,  were  put  in  just  before  the  pan  cooling.  Grease  mixtures  that  did  not 
require  saponification  were  heated  directly  to  about  400°  F,  pan  cooler!,  and 
mil  led. 

3.3  Radiation  Resistant  Grease. 

CALRESEARCH  139 


This  most  promising  grease  developed  in  previous  research  was 
evaluated  thoroughly  in  laboratory  tests  and  was  made  available  for  trial  by 
p  otential  users . 

3.2.1  Compositior 

CALRESEARCH  1  o9  had  the  following  composition 

Per  Cent  by  Weight 


Sodium  N-octadecylterephthalamate  12 

Didodecyl  Selenide  5 

Quinizarin  0.  1 

C i  g  .  i  3  -  sec  -alkyl biphenyl  Oil  83 


The  oil  was  synthesized  from  Cj  g.j  g-alpha-olefins  and  biphenyl 
h  ifty  pounds  of  grease  was  made  for  test  work. 


Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  (California  Research 
1  '56  Summary  Report  on  Contract  Ah  33(6 1 6) - 3 1  8 4)  WADC  Technical  Report 
56-646  (CONFIDENTIAL). 
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3 .  2. .  I  lTopertn-s 


Some  of  the  properties  of  the-  unirradiated  grease  were  measured 
and  reported  earlier  'I  he  rest,  plus  the  properties  on  an  irradiated  sample, 
were  mt  inured  during  lf,57.  All  pertinent  data  are  summarized  in  Tr-.ble  I, 
page  vi.  The  irradiation  was  performed  on  a  5-pound  sample  in  the  ?4TR 
Canal  Source  in  Idaho. 


CA  LKfclSL’ ARCH  159  softened  69  points  in  w-orked  penetration 
as  i  result  of  irradiation  to  7.2  x  10*®  ergs/g  C  but,  surprisingly,  was  stiffer 
than  the  unirradiated  grease  after  100,000  strokes.  This  stiffening  may  partly 
compensate  for  radiation  softening  in  some  dynamic  applications.  The  grease 
gave  moderate  staining  in  the  copper  corrosion  test  both  before  and  after 
irradiation.  It  passed  the1  severe  oxidation  test  before,  but  not  after, 
i  rradiation.  It  failed  the  dirt  count,  probably  because  of  undissolved 
quiniznrin;  this  deficiency  can  be  corrected  in  future'  batches  by  omission  of 
quinizarin  or  use  of  a  higher  dissolution  temperature,  evaporation  and  wear 
changed  negligibly  as  a  result  of  irradiation.  Apparent  viscosity  and  starting 
torque  at  0°  F  dropped  to  less  than  half*the  original  values,  results  probably 
related  to  the  general  radiation  softening  of  the  grease.  Bearing  life  at  300*  F 
had  a  geometric  mean  of  1000  hours  before  and  284  hours  after  irradiation, 
at  350°  F  it  was  276  hours  before  and  120  hours  after  irradiation 


In  general,  the  radiation  effects  of  the  high  gamma  dosage  of 
7.3  x  10  1L  ergs/g  C  were  moderate.  Typical  commercial  greases  liquefy 
at  ilniut  half  this  dosage'  and  then  become  hard  at  higher  levels. 


A  sample  of  C  A  LR  ESMARCH  15°  was  also  irradiated  for  about 
13.4  x  1010  ergs/g  C  at  350°  F.  Duplicate  bearing  lives  at  350°F  after  that 
were  147  and  174  hours.  Thu  is  very  good,  considering  the  severity  of 
treatment.  A  conventional  sodium  soap  grease  (Chevron  OHT)  was  too  hard 
to  run  at  all  m  a  bearing  after  such  irradiation. 


CALR  USE  ARCH  159  arid  two  commercial  greases  wore  subjected 
to  the  combined  radiation  of  the  Brookhaven  pile.  Dosage  received  was  about 
1 .  11  x  10*li  slow  neutrons*  per  square  cm.  Results  are  compared  in 
Table  XXVI. 


Slow  neutrons  by  Co  activation  (below  Cd  cutoff). 

Gamma  radiation  above  1  Mev  by  calpximeter  ^  10***  per  sq  cm. 

Fast  neutrons  above  1 .  G  Mev  by  Np“J<  activation^  i.  9  x  10*'  per  sq  cm. 
Results  from  Contract  A  1(11-1)- 174  research. 
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Table  XXVI 


Inspections  on  Pile- Irradiated  Greases 
Chevron  "Chevron  Industrial 


G reas e 
Sample  No 

ASTM  linworsed  Penetration 
Ori  ginal 

|  Afte r  Irradiation 
Appea  ranee 
*  After  Irradiation 


OHT  Grease  Grease  Heavy 

69-2  69-5  61'  -  1 


i 


289 

53  103 

Rubber v 


69-4 


J _ 


2  08 


45 


4  5 


Verv  Hard 


CALKESEAKCH  159 

T 

69-3 

69  -  6 

i 

26 

1 

2  96 

2  96 

1 

Smooth 

i - 

,  Soft 

Only  CALKESEAKCH  15°  was  soft  enough  for  further  use  after  the  exposure. 
3.2.3  Field  Tests 


CALKESEAKCH  159  was  a  joint  development  under  this  contract 
and  also  AEC  Contract  AT(  1  1  - 1 )  - 1  7 4 ^  Samples  were  distributed  to  various 


people  having  a  need  for  a  radiation  resistant  grease, 
test  work  is  outlined  in  Table  XXVII. 


The  status  of  this 


Table  XX VII 


Status  of  Field  Tests  on  CALKESEAKCH  159 


Company 

General  Electric  Company, 

A  N  P  De  pa  rt  m  en  t 

General  Motors  Corporation, 
New  Departure  Division 

General  Dynamics  Corporation, 
Electric  Boat  Division3 

Oas  Ridge  National 
Laborator  y3 

W\DC 

Jack  and  Heintz,  Inc. 

United  Aircraft  Corporation, 
Pratt  and  Whitney  Division 


Status 

Planned  for  use  in  Idaho  in  hot  cells 
for  handling  reactor  cores 

Tests  in  progress  on  bearings 

In  use  on  USS  Sea  Wolf  to  lubricate 
primary  coolant  valves  . 

Successfully  tested  in  small  bearings 
inpile  and  outpile. 

Tests  in  progress. 

Tests  planned 

Used  t  )  lubricate  bearings  in  the 
MTR,  further  tests  planned 


Grease  forwarded  under  AEC  Contract  AT(il-l)-l74 

Publicity  releases  not  permitted  without  express  permission  of 
U.S.  Navy  Bureau  of  Ships. 

*  Radiation  Resistant  Greases,  (California  Research  -  A  EC  Report  No.  8) 
A E C U  3148,  June  30,  1956.  p.  21. 
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3  .3  New  (jelling  Agents 

Research  in  1956^  showed  that  greases  made  with  N-alkyl- 
t r* re phthala mates  as  gelling  agents  lost  less  gel  structure  with  irradiation 
than  did  those  made  with  conventional  soaps.  As  means  of  further  improving 
radiation  resistance,  a  sodium  alkylterephthalamate  was  compounded  with 
more  highly  aromatic  salts  or  replaced  completely  by  other  higher  aromatic 
c  orn pounds . 

3.3.1  Mixed  Salts 


Results  on  a  series  of  greases  made  from  1  1  molar  ratios 
of  sodium  N -octadecylterepiithalamate  and  other  sodium  salts  are  in 
Table  XXVIII.  The  first  grease  listed  (4669-40)  is  for  reference,  with 
no  added  sa  It . 

Grease  4591  -43  contained  sodium  benzoate  as  the  added  salt. 

It  stiffened  slightly  after  irradiation  to  1.65  x  10*0  ergs/g  C  and  was 
softened  about  20  penetration  points  from  the  original  at  3.  48  x  10^  ergs/g  C. 
Electron  micrographs  of  the  hexane -washed  and  uranium -shadowed  grease  at  the 
increasing  irradiation  dosages  are  in  Figure  8.  The  very  fine,  curved 
Crystallites  are  the  terephtha lamate,  and  the  larger  crystallites  with  a  basket  - 
weave  pattern  are  the  benzoate.  The  benzoate  crystallites  stabilized  the 
te  rephthalarnate  gel  structure  despite  the  fact  that  the  two  sets  of  crystallites 
are  discrete.  In  the  micrographs  damage  is  not  evident  to  either  crystalline 
phase . 


Grease  4669-27  contained  sodium  £-biphenylcarboxylate .  Unlike 
th  e  benzoate  grease,  ii  softened  about  30  penetration  points  initially  and 
leveled  off  for  the  rest  of  the  radiation  dosage. 

Grease  4669-12  contained  crude  sodium  dibenzyldithiocarbamate 
as  the  added  salt.  The  acid  for  this  salt  was  made  as  follows. 

Eighty  grams  zinc  dibenzyldithiocarbamate  (Eastman)  was 
refluxed  in  a  mixture  of  400-ml  concentrated  hydrochloric  acid 
and  400-ml  water  for  three  hours.  The  reaction  mixture  was 
cooled  and  filtered  and  the  filter  residue  washed  with  ice  water. 

A  neutral  equivalent  of  257  was  found  for  the  product  (calculated 
2  73). 

When  the  grease  was  irradiated,  its  stability  against  softening  was  very  good. 

In  fact,  there  was  a  slight  gain  in  stiffness.  The  composition  of  this  grease  is 
uncertain.  It  was  hoped  that  dibenzyldithiocarbamic  acid  could  be  obtained 
by  acid  hydrolysis  of  the  zinc  salt.  But  such  acids  are  unstable,  and  the  product 
obtained  may  contain  dibenzylamine  hydrochloride  and  unreacted  zinc  salt. 
Electron  micrographs  of  the  irradiated  grease  are  ;u  ^igure  9.  As  in  the 
benzoate  grease,  there  are  two  distinct  crystalline  phases,  but  the  thiocarbamate 
crystallites  are  coarser  than  the  benzoate.  No  crystal  damage  is  evident 
from  irradiation. 

1  Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  (California  Research 
1  9;5‘j>  Summary  Report  on  Contract  AF  33(616)-31  84)  WADC  Technical  Report 
>  6-3  46  (CONFIDENTIAL). 
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Oronlte  GA-10 

Na  benzoate-terephthalamate  grease  made  in  non -Government  research 
Radiations  performed  at  WADC. 


MSftftC,  I0’°  f Ml/#.  C:  • 

HOMED  KKiTMTIN:  2f7 


•.oti  0.7  •* 

tot  219 


MSMC,  I010  CMS/c.  C:  l. *5 

WHOED  PEIETtATlOO:  215 

(2  VIEWS)  (2  VIEWS) 


FIG.  6  -  EFFECT  OF  Co®0  IRRADIATION  ON  CRYSTALLITE  STRUCTURE  OF 
No  BENZOATEcNo  N-OCTADECYLTEREPHTHALAHATE  GREASE 
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Crease  4069- 28a  contained  a  purer  form  of  sodium  dibenzyl- 
dithiocarbamate,  which  was  made  as  follows 

A  mixture  of  79  g  (0.  4  mole)  dibenzylamine  and 
70  g  {1  mole)  carbon  disulfide  was  stirred  in  a  500  -ml  flask. 

The  temperature  rose  from  77°  F  to  140°  F  from  the  heat  of 
reaction.  A  solution  of  16  g  (0.4  mole)  sodium  hydroxide  in 
an  equal  amount  of  water  was  added  slowly.  The  mixture 
formed  a  thick  paste,  32 -ml  water  was  added  to  thin  it.  The 
mixture  was  refluxed  one  hour.  The  excess  carbon  disulfide 
was  boiled  off.  The  residue  was  cooled  to  room  temperature, 
filtered,  and  the  white  crystals  obtained  were  dried. 

Yield  40  g;  sulfated  ash,  23%  (theor.  24%). 

Despite  the  difference  in  methods  of  synthesis,  the  two  dibenzyldithiocarbamate 
greases  responded  equally  well  to  irradiation.  An  attempt  to  make  a  grease 
from  sodium  dibenzyldithiocarbamate  with  no  terephthalamate  failed. 

3.3.2  [)-  Tolylterephthalamate  Creases 

Another  method  of  achieving  higher  aromaticity  in  the  solid  phase 
of  greases  was  the  use  of  a  more  aromatic  primary  gelling  agent  in  place  of 
aromatic  salts  added  to  the  N -oetadecylterephthalamate.  The  ester  for  one 
such  gelling  agent  was  synthesized  as  follows: 

Two  moles  (640  g)  of  methyl  terephthalovl  chloride 
in  toluene  was  added  during  two  hours  to  a  mixtures  of  2  moles 
(214  g)  p-toluidine,  2  moles  (202  g)  triethylamine,  and  300  ml 
toluene  at  1  40-  158°F.  The  cooled  suspension  was  filtered. 

The  filter  cake  was  washed  with  w'ater  until  free  of  chloride 
and  extracted  with  hot  toluene  five  times.  The  toluene 
solution  was  cooled  and  filtered.  The  filter  cake  was  rinsed 
with  ether  and  dried.  This  solid  amounted  to  160  g  of 
light  tan  crystals  -  melting  point  406°  F  (previously  obtained 
melting  point  for  methyl  N-tolylterephthalamate  -  403°  F). 

The  residue  insoluble  in  hot  toluene  weighed  206  g;  it  was 
probably  terephthaldi -£-toluidide .  Salts  of  the  monotoluidide 
are  highly  aromatic  and  should  have  good  radiation 
resistance: 


(Metal)  09 C 


Three  greases  made  with  this  amate  are  described  in 
Table  XXIX.  Grease  4669-  1  7  (mineral  oil)  softened  about  20  penetration 
points  initially  and  leveled  off  in  further  irradiation  (cobalt-60)  to 
3,  3  6  x  10 * 11  ergs  g  C.  Its  dropping  point  increased  with  irradiation. 
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TABLE  »»t 
E-TCLYLTEREPHtu., ,h 


Grease  4 fir,')  18-3  (a lkydbiphenyl  oil)  softer  ed  only  about  30  points  even  after 
t  hie  very  high  dosage  of  11  3  x  I0‘ h  e  gs  g  C  in  the  MTR  Canal  Source.  Its 
b'.'iiriOf;  life  at  3  >0°  !•  1  was  good  m  two  runs  out  of  three.  An  attempt  to  use 
lithium  hydr  >xide  m  p lac e  of  sodium  hydroxide  as  the  saponifying  agent  in 
(  .noise  40dfr-  !  o  failed  to  yield  a  useful  gel  structure. 

8  3.3  Nonrnetal  Ik  Gelling  Agents 

Several  attempts  to  prepare  effective  nonmetallic  gelling  agents 
f  r*  >tn  isocyanates  were  made.  In  each  experiment  the  amine  was  dissolved 
in  half  >f  the  base  >il  and  the  isocyanate  in  trie  other  half.  The  two  portions 
were*  then  mixed  and  heated  to  about  400°  F.  These  agents  had  inadequate 
gelling  power  at  about  20%  concentration  in  an  alkylbiphertyl  oil,  as  shown  in 
I  able  XXX 


Table  XXX 


K  xp  1  o  ra  lory  I  s  oe  va  na t  e 
Derivatives  as  Gelling  Agents 


Clrease  No 

4669  -  1  Pa 

4669-20 

4669- 2  0a 

4 669  -2  1a 

p-Riphen  lv!  Isoi  yanate,  g 

p  Fhonvlene  Di  isocyanate ,  g 

IP.  5 

16 

16 

n-Oetndecyl  Isocyanate,  g 

2  9.5 

p  Toluidine,  g 

2  1  .  3 

2  1  3 

f  >-A  rnmoacctanilide,  g 

30 

p- Hiphenylearboxylic  Acid  g 

19.  8 

C  2  |  p  _  i  g -sec -a  lkylbiphenyl  Oil,  g 

2  04 

204 

184 

1  80 

c  ions  i s t  eric  y 

mushy 

mushy 

mushy 

mushy 

N,  N'  -  H’ s (dibenzyl )te rephthaldiamide  was  also  synthesized 
from  terephtha loyl  chloride  and  dibenzyla  mine  for  trial  as  a  gelling  agent. 
Its  melting  [>oint  >f  320°  F  was  too  low  for  use  in  bearings  at  350°  F.  (Other 
metal  free  gelling  agents  are  mentioned  in  Tables  XXXI,  page  67  and 
Table  XXXI V,  page  7  1.) 


MIL  G  3278A  specification  bearings. 
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3  3.4  Compa r  1  son  of  Radiation  Resistance 


The  effect  of  cobalt-60  irradiation  on  consistency  of  greases  containing 
tine  new  gelling  agents  is  summarized  graphically  in  Figure  10.  All  the 
e  xperi  mental  greases  tested  are  much  more  stable  than  the  sodium  stearate 
g  rease  shown  for  ^  ompanson.  The  exact  quantitative  effect  of  added  salts  on 
radiation  resistance  of  N-oetadec ylterephthalama’e  greases  is  uncertain,  because 
the  two  base  greases,  A  (Fxpt  2490-24A)  and  B  (Expt.  4660-40),  differed  in 
radiation  resistance. 

3  4  Oi  1  Variation  in  Greases 

3.4.1  Irradiation  of  Greases  at  350c  F 

A  series  of  greases  containing  various  oils  was  irradiated  at 
3  £30c  F  in  the  MTR  Canal  Sourc  e.  All  but  one  made  use  of  sodium 
Nf  -octadecylterephthalamate  as  the  gelling  agent.  Results  are  in  Table  XXXI 
In  general,  stability  was  very  good  for  the  severe  conditions  of  about  10^  ergs 
radiation/g  C  and  18  days  heating  at  350°  F.  Grease  2570-48  (CALRESEARCH  150), 
containing  the  Cj  c  .  j  g-sec -alkylbiphenyl  oil,  gave  the  best  360"  F  bearing  life  of 
the  group  both  before  and  after  irradiation.  It  also  had  longer  bearing  life  after 
irradiation  at  350°  F  than  after  eradiation  at  room  temperature  (160  vs  120  hours, 
see  page  56  .  ) 

3.4.2  Volatility 

As  a  basis  for  chocsing  new  oils  for  greases,  oris  from  the 
8>nthesis  work  were  screened  for  volatility  by  evaporation  of  1-g  samples 
for  24  hours  at  350°  F.  Results  are  shown  in  Table  XXXII. 
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ASTM  WORKED  penetration 


0  12  3  4 


Co®0  RADIATION  DOSAGE,  I010  ERGS/g.  C 

FIG.  10  -  EFFECT  OF  -y-iRRADIATlON  ON  CONSISTENCY  OF  GREASES 

NAPMTHEN'C  OIL  GREASES  CONTAINING  VARIOUS  GELLING  AGENTS. 

SALTS  MARKED  I: I  ARE  IN  1:1  MOLAR  RATIO  WITH  SODIUM 
N-OCTADECYLTEREPHTHALAMATE 
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Table  XXXII 


Oil  Evaporation  at  350°  F 
1  -g  Oil  in  2- Inch  Diameter  Dish 
After  24  Hours  at  350°  F 


Oil 

Vis  at 

Reference  jl  00°  F,  cs 

Pour, 
o  F 

Evaporation , 

% 

C  1  4  -  j  50/  50) sec  -  A  Iky  1  diphenyl 
ether  (bottoms) 

4896-9 

- 1 

13.7 

-75 

33 

1 ,  9-Bis(n-hutylphenyl)nonane 

4658-25 

47.  5 

-60 

35 

C  l  4  -  j  (;( 50/  50) sec  -  A  Iky  1  diphenyl 
ether  (bottoms) 

4658-21 

67.0 

5 

18 

Poly- see -dodecvl  diphenvl  ether 
(71-88%) 

4956-2 

1  35 

-44 

6 

Di -sec - tetradecvl  diphenvl  ether 
(77-89%) 

4965-2 

130 

-18 

9 

Dioctyl  rn- terpnenyl 

3470  -21  B 

643 

0 

10 

Polyoctyl  m-terphenyl  (bottoms) 

3470-22 

708 

-20 

5 

T  ris(carbethoxydecyl)benzene 

4905-25 

-5 

18 

1  ,  9 - Bis(phenoxyphenyl)nonane 

4658-27 

99.  9 

-20 

13 

T  ris(p-phenoxyphenyl)-n- 
dodecylsilane3 

ML0  5  6-1  066 

1807 

55 

5 

Polyoctvl  m-terphenyl 

4658-38 

657 

-38 

8 

Poly- sec -dodecyl  diphenyl  ether 
(bottoms) 

5051-30 

179 

-50 

2 

Tris(carbethoxydecyl)  diphenyl  ether 

5051-38 

185 

-45 

10 

1,9-  Bis(  1 ,  2  ,  3 ,  4  -  tet  rah  ydronaphthyl)- 
nonane  (bottoms) 

4956-37 

302 

12 

2 

Po ly ( n  -  non  vlph e ny  1)  me t ha. ne 

5108-27 

187 

1 

Poly-sec -dodecyl  diphenyl  ether 
(bottoms) 

5158-36 

— 

242 

-18 

1 

3  Sample  furnished  by  WADC. 


Greases  were  made  from  the  available  oils  that  evaporated  less 
than  about  1  0%. 
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3  4.3  Trial  of  New  Synthetic  Oils 


Greases  made  from  the  most  promising  oils  in  the  volatility 
test  are  listed  in  Table  XXXIII.  A  mixture  of  1  1  molar  sodium 
N- octadecylterephthalamate  and  sodium  benzoate  was  used  as  the  gelling 
agent  in  most  of  the  greases. 

Poly  -  see -dodecyl  diphenyl  ether  m  Grease  4669-32a  gave  longer 
bearing  life  at  330°  F  than  the  polyoctvl  m-terphenyl  in  Grease  4669-  32. 
Greases  4669-38  and  4669- 38a,  both  macfe  from  a  new  batch  of  poly-. sec - 
dodecyl  diphenyl  ether  but  one  with  didodecyl  selenide  and  the  other'  with  a 
different  antioxidant,  performed  equally  well  on  the  average.  Grease 
4669- 38a  had  the  best  individual  life  run,  537  hours,  Grease  4669-31', 
containng  sodium  dibenzyldithiocarbamate  in  place  of  sodium  benzoate  had 
somewhat  shorter  bearing  life 

Greases  4669-30  and  4669- 39a  (Table  XXXIII)  were  made  from 
tris(phenoxyphenyl)dodecylsilane.  The  former  lasted  about  40  times  as 
long  as  the  alkyl  aromatic  oil  greases  in  the  thin  film  test  for  heat 
stability  at  350°  F.  However,  its  life  in  bearings  was  only  240  hours, 
rhis  combination  of  results  indicates  tnat  the  grease  had  adequate  chemical 
stability  for  very  long  life  but  that  its  colloidal  structure  did  not  provide 
optimum  retention,  feed  rate,  etc.,  in  the  hearing.  Further  research  on 
gelling  agents  for  this  and  other  silane  oils  should  thus  he  rewarding. 

The  Navy  Gear  Wear  Test  values  in  Table  XXXIII  show  that  the 
silane  oil  has  much  better  wear  preventive  power  than  silicone  oils  in  greases. 
The  latter  seize  in  the  test  prior  to  1000  eye  les.and  no  comparable  wear 
measurements  are  possible.  One  new  gelling  agent  was  tried  in  Grease 
46  60- 39a,  a  mixture  of  terephthaldi -p - ditoluidide  and  sodium  N-octadecyl- 
terephthalamate .  This  grease  gave  tne  longest  individual  bearing  run  it 
330°F  (594  nours)  of  any  grease  tested  in  this  project.  However,  one  "cry 
short  run  of  62  hours  brought  the  geometric  mean  life  down  to  213  hours 
(395  hours  if  the  62 -hour  run  is  rejected).  The  bearing  life  at  450°  Y  v/as 
better  than  that  of  mineral  oil  greases,  which  last  only  about  20-40  hours'. 

3.  5  Inhibitor  Variation  in  Greases 


Didodecyl  selenide  has  been  a  standby  as  an  oxidation  inhibitor 
in  greases  for  use  at  high  temperatures.  However,  some  of  the  inhibitors 
investigated  by  Professor  Cole  at  the  University  of  Virginia  appeared  to  be 
interesting  alternates.  They  and  other  new  inhibitors  were  tested  as  shown 
in  Table  XXXIV.  A  1:1  molar  mixture  of  sodium  N-octadecylterephtha  la  mate 
and  sodium  benzoate  was  used  as  the  gelling  agent  in  the  alkylbiphenyl  oil  of 
CALKESFARCH  159  grease.  Five  per  cent  of  each  additive  was  employed. 
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Unpublished  Cal  Research  data. 
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3ooJrl:n  Crmlcil  Division  f.  Ultur  Ko3«j< 


The  inhibitors  t  nused  large  variations  in  bon  b  oxidation  rates. 
All  of  them  showed  lrnpr  ivemerit  over  the  base  grease  pressure  drop  of 
70  psi.  [)idode<  yl  selenide  ^ave  the  lowest  pressure  drop,  9.  5  psi. 

Cor  ros  i  veriess  tot  >pper  also  varied  widely.  2  -  Phenylbenzoselenazole  , 
12,2'  ti: pvr idylarru rie,  and  the  proprietary  inhibitor  H  were  most  corrosive. 
Didodfceyl  selenide,  propr  ietary  inhibitor  T,  Goodrite  3110X48  and 
N,  N'-di-2-naphthyl  p -phcnylenediamine  were  only  slightly  or  moderately 
c or  ros l ve  . 


Life  m  the  Navy  High  Speed  Bearings  at  350°  F  varied  less  than 
the  bomb  oxidation  rates  did.  All  hut  one  inhibitor  (proprietary  inhibitor  H) 
improved  upon  the  base  grease  geometric  mean  life  of  155  hours.  Didodecvl 
selenide  gave  the  best  individual  run,  474  hours,  and  the  longest  geometric 
mean  of  three  runs,  323  hours.  N,  N'  [)i -2-naphthyl-p-phenylenediamine 
gave  the  second  best  geometric  life,  3  t  7  hours.  However,  the  reproducibility 
of  this  test  is  so  poor  that  at  least  two  more  runs  should  be  made  on  the  greases 
that  averaged  more  than  200  hours  to  permit  a  eonclusive  ranking.  A  graphical 
picture  of  the  variability  of  tiie  bearing  test  and  its  poor  correlation  with  the 
bomb  oxidation  test  is  in  Figure  11. 

Kadiation  resistance  of  four  of  the  greases  to  the  very  high 
dose*  of  11  3  x  10^*'  ergs  g  C  was  measured  by  the  penetration  change. 

Softening  varied  from  53  points  for  the  2- phenylbenzoselenazole  grease  to 
1  13  [joints  for  the  Goodrite  3110X48  grease.  Data  on  the  base  grease  without 
additives  are  not  vet  available  with  which  to  compare  the  irradiation  results. 
Thus  no  clear  cut  answer  on  the*  performance  of  additives  after  exposure  can 
yet  be  given. 

3.6  Status,  Conclusions,  and  Recommendations 


a  A  lubricating  grease  (CALRESEARCH  15b)  containing 
sodium  N-octadecy  lterephthalarnate  as  the  gelling  agent ,  ,n-sec- 

a Iky lbipheny  1  as  the  oil,  ,.nd  didodecvl  selenide  as  oxidation  mninitor 
has  been  developed  for  use  in  equipment  exposed  to  radiation.  The  good 
work  stability  makes  it  useful  for  both  low  and  high  speed  equipment.  Its 
useful  temperature  range  is  0-350°  F,  and  its  dropping  point  is  580+°  F. 

It  retains  good  consistency  and  lubricating  properties  under  such  extreme 
dosages  as  7  x  10^  ergs  g  C  gamma  radiation  at  room  temperature,  13  x  lCD^ 
ergs/g  C  gamma  radiation  at  350°  F,  and  2  x  10^8  slow  neutrons  ‘  /  squa re  cm  at 
room  temperature.  It  is  recommended  for  further  field  trials  in  all  types  of 
equipment  exposed  to  radiation. 

b  The  following  new  gelling  agents  are  promising  for  greases 
with  better  radiation  resistance  than  C ALRESEA RCH  159:  sodium  N-octadecyl- 
t  ere pht ha l.'i mate -sodium  benzoate  mixtures;  sodium  N-p -tolylterephthalarnate; 
and  sodium  N- octadecyltercphthalamatc-sodium  dibenzyldithiocarbamate 
mixtures.  The  dibenzyldithiocarbamate  mixtures  had  the  best  resistance  to 
softening  in  preliminary  radiation  tests  of  any  grease  studied.  Especially 
recommended  for  further  study  are  higher  ratios  of  sodium  benzoate  and 
lower  ratios  of  sodium  dibenzyldithiocarbamate  to  the  terephthalamate  in  their 
mixtures.  Chemical  relatives  of  sodium  dibenzyldithiocarbamate  should  also 
he  of  interest  for  study. 

*  See  page  56  for  discussion  of  other  components  of  reactor  dosage. 
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NAVY  HIGH  SPEED  BEARING  LIFE,  HRS  AT  350°F 


FIG.  II  -  CORRELATION  BETWEEN  ASTM  BOMB  OXIDATION  AND 
NAVY  HIGH  SPEED  BEARING  TESTS 

GREASES  CONTAIN  VARIOUS  ANTIOXIDANTS:  GREASES  ARE  CODED  BY 
LAST  PART  OF  GREASE  NO  IN  TABLE  XXXIV 
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c.  The  most  promising  new  oil  for  long-range  development 
among  those  studied  for  use  in  heat  stable  and  radiation  resistant  greases 
is  t  ris( phenoxypheny  Ddodecylsilane  .  It  and  chemically  related  silanes  are 
recommended  for  intensive  study  with  a  wide  variety  of  existing  and  specially 
synthesized  gelling  agents. 

d.  Among  a  group  of  antioxidants  tried  in  greases  containing 
sodium  N- oetadecylterephthalamate  mixed  with  sodium  benzoate  as  the 
gelling  agent  and  the  Cj  6_i  g-see -alkylbiphenyl  as  oil,  the  second  most 
effective  after  didodecyl  seicr.idc  in  preliminary  350°  F  bearing  tests  was  N,N'- 
di- 2 -naphthyl- p -phenylenediamine  .  It  is  recommended  for  further  evaluation 
as  an  alternate  to  didodecyl  selenide. 
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4  HYDRAULIC  FLUIDS  (R.  L  Peeler) 


4  1  Introduction 


The  objective  of  this  r  esearch  was  the  development  of  a 
radiation  resistant  fluid  capable  •  f  operating  at  temperatures  higher  than 
those  possible  w  Ah  current  fluids.  The  target  fluid  specification  was 
similar  to  MIL-H-8446.  The  properties  desired  were  thermal  stability, 
low  volatility,  adequate  lubricity,  high  bulk  modulus,  good  viscosity- 
temperature  properties,  hydrolytic  stability,  oxidation  stability,  low 
co  rrosivitv,  low  flammability,  and  a  low  rate  of  gassing  during 
irradiation 


Previous  work*  showed  that  alkyl  aromatics  were  most 
promising  as  base  materials  because  of  their  combination  of  thermal 
stability  and  radiation  resistance.  Disiloxane  base  fluids,  although 
inferior  in  these  two  properties,  offered  the  best  chance  of  combining 
-(>  5°F  operation  with  medium  to  hign  temperature  capabilities.  Studies  on 
se  ceral  additional  available  base  stocks  were  completed.  Included  were  a 
naphthenic  white  oil  and  a  polyglvcol  (UCON  DLB  144E).  Work  here  was 
to  determine  the  most  satisfactory  lubricant  which  could  be  produced  from 
each  base  stock  by  means  of  additives. 

9 

In  earlier  work",  selenide  additives  were  found  particularly 
effective  in  reducing  radiation  damage  in  base  stocks  However,  the  selenides 
cause  serious  corrosion  of  some  nonferrous  metals.  Therefore,  the  base 
stocks  of  interest  were  evaluated  uninhibited  (or  neat)  and  also  with  didooec  yl 
selenide  or  di-tert-butyl-u-cresol  (DBPC)  added.  These  results  are  listed  in 
Section  4.  2.  Additional  additives  were  evaluated,  mostly  in  C.  «  ,r-alkyl 
dipheml  ether,  and  results  are  reported  in  Section  4.  3,  Finished  lubricants 
arc  reviewed  in  Section  4.4,  while  subsequent  sections  cover  special  tests. 

In  order  to  minimize  repetition  of  chemical  names  in  the 
voluminous  tables  in  this  section,  the  names  of  the  additives  have  been  coded. 
The  key  to  the  code  names  is  shown  in  Table  XXXV, 


Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  (California 
Research  U5G  Summary  Report  on  Contract  AF  33(61  6)  -  31  84)  WADC 
Technical  Report  56-646  (CONFIDENTIAL). 


Effects  of  Fission  Radiation  on  Lubricants  and  Lubrication,' 

(  Final  Report  on  California  Research- NE PA  Contract),  Report  No.  NEPA  1844, 
April  30,  1951  (SECRET  -  RESTRICTED  DATA) 


i  o 
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TABLE  XXXV 


KEY  TO  ADDITIVE  CODE 


PB  1  28 

c13Se 
Os  Se 
C12Se 
RzSe 
(f>Se 
DC 
S  -50 
S  -60 
DBPC 
AN-1 
AN- 2 
AN- 3 
A  2  2  4  6 

c8s2 

?>s2 

BzS2 

0S 

BzS 

DN  PD 

PAN 


Polybutone  128 

Bis(tridecyl)  Selenide 

Di-2-ethylhexyl  Selenide 

Diaoderyl  Selenide 

Dibenzyl  Selenide 

Diphenyl  Selenide 

Dimethyl  Silicone  of  60,000  cs 

Parapol  S-50  ( isobutylene  -  styrene  copolymer) 

Parapol  S-60  ( isobutylene- styrene  copolymer) 

2, 6 - Di-tert -  butyl - 4- methylphenol  (Di-tert -  butyl -para -c resol) 
Ethyl  AN-1  (2,  6-di-tert-butylphenol) 

Ethyl  AN-2  (4,  4'-methylene  bis-2, 6-di-tert-butylphenol) 

Ethyl  AN-3  (2,  6-di -tert-butyl-4- dimethylaminomethylphenol) 
2,2'-  Methylene  bis(4-rnethyl-6-tert-butylphenol) 

Di-tert  -octylui  sulfide 
Diphenyl  Disulfide 
Dibenzvl  Disulfide 
Diphenyl  Sulfide 
Dibenzyl  Sulfide 

Di  -<f-  naphthyl  -  p-phenylenedia  mine 
Phenyl  -OCnaphthylamine 
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4  2  Evaluation  of  Base  Storks 


1  2  1  C' i jg*  Alkyl  Diphenyl  Ether 

Research  m  1  D 5 6 1  showed  alkyl  diphenyl  ethers  to  he  the 
preferred  compounds  of  the  alkyl  aromatic  types  then  synthesized 
Physical  properties  were  superior  to  those  of  the  corresponding 
alk  vlbi  phe  nyl  s  while  radiation  stability  was  equivalent  or  only  slightly 
inferior.  Because  of  these  promising  properties,  a  me-barrel  batch 
of  C  t  4  -  ;  G  ‘ a  1  k y  1  diphenyl  ether  was  prepared  for  more  complete 
evaluation.  This  base  stock  had  the  host  combination  of  properties  of 
any  investigated  this  year  for  hydraulic  fluid  use.  It  was  used 
extensively  as  a  r  eference  for  evaluating  additives  and  in  preparing  a 
finished  formulati  >n.  These*  blends  .are1  discussed  m  later  sections. 

Pertinent  data  on  the*  base  stock  are  tabulated  in  Table1  XXXVI. 

lho  physical  properties  of  the  Ci  «  ig-alkyl  diphenyl  ether 
indicate*  a  low  temperature  limit  for  the  hydraulic  fluid  application  of 
around  0C  1  ,  or-  slightly  lower-  The1  high  temperature  limit  can  be 
established  by  the  ape-rating  requirements  of  the  system  in  which  the 
hydraulic  fluid  is  used  being  dependent  on  viscosity,  volatility,  oxidative 
and  thermal  stability.  In  practice,  the  limit  which  cannot  be  changed 
significantly  by  system  design  is  set  by  thermal  stability  The  upper  limit, 
on  the  basis  of  thermal  stability  tests  to  he  discussed  more  fully  in 
Sec  tion  4  5,  is  between  P0(  0  F  and  700°  F  for  this  fluid 

Of  the  remaining  properties,  lubricity  in  Four-Ball  Wear 
tests  is  low  for-  a  neat  liquid-,  while  the  Mean  Hertz  Load  of  13  shows 
low  film  strength.  Hydrolytic1  tabilitv  at  400°  F  is  good,  while  oxidation 
and  corrosion  charac  teristics  are  relatively  good  at  400°  F  and  500°  F  for 
an  uninhibited  base  stock.  Viscosity  changes,  ranging  up  to  ♦198%  at 
210°F  in  the  500°  F  test,  are  high  but  are  relatively  good  compared  to  those 
for  more  conventional  lubricants 

The  uninhibited  base  stock  showed  moderate  radiation  resistance 
with  a  100°F  viscosity  increase  of  r'37o  after  exposure  to  8.  7  x  1(B()  ergs,  g  C. 
Selenide  and  phenolic  inhibitors  reduced  this  c  hange  to  17  >%  and  155%, 
respectively.  Inhibitors  did  not  affect  the  gas  evolution  rate  detectably. 
Lubricity  of  the  base  stock  was  not  affected  by  irradiation.  The  apparent 
increase  in  Mean  Hertz  Load  value  for  the  selenide  inhibited  fluid  may  be 
due  to  conversion  of  the  selenide  to  a  more1  ac  tive  form.  The*  volume  of 
foam  increased  moderately  with  radiation  dosage,  but  stability  remained 
low.  Vapor  pressure  of  the  bulk  oil,  following  evaporation  of  radiolysis 
gases  and  *  light  ends,  ‘  is  not  markedly  increased  by  irradiation. 

'  Effects  of  Radiation  on  Airc  raft.  Lubricants  and  Fuels,  (California  Research 
1  956  Summary  Report  on  Contract  A  F  33(6  IP)  -  3  1  84)  W  A  DC  Technical  Report 
56-646  (CONFIDENTIAL). 

2 

The  following  are  Four-Ball  Wear  values  (mm  scar)  for  neat  di  ( 2  -  e  th  vlhexy  1 ) 
sebacate,  a  commonly  used  synthetic  •  2  Hours,  !67°b  4  kg  load  0  58 

1*  kg  load  0  7  4 
40  -  kg  load  1  06 

(R  J.  Benzing  WAIX.  TR  57-  283,  July  1057). 


W  A  DC  TR  56-646  Ft  II 


rwvftrru.  9 1 


pm*  L  ot 


•  oc  *.  Irrti  •**  lr  »m«lnu*  orUl''*-  f*r.  t  »lr,  WT+  ,  Source 

l’  «>  OO  ■*  .  !r  tln<(  iittl  ont  •  1  r*«  *•  p*r  t  •  r,  '•*.  ^ovr  • 


1  A  *  »  »  *  -• 

♦  a  *  »i  F 

*  IrrtllfttAl  ^  «t««  *p*u.*  atxJ#  r  r#  i  t  -j*  ,  'ourc« 

*  »  1  rrilli  t*ij  1-  ■>#*>*  * »  •  «t»#  *£•-*»•  *t  *  *F  s*r»4»  -  '#,!  i»,  •T''  •••.  ,vur;$ 

*  \  .<»r  ?.'**«•  1 

'  '  ■rvppar  n«t  pr**#r<t 


WADC  TR  56-646  Pt  IT 


•y  8 


V/LDC  TR  56-646  Pt  II 


79 


Soxjr 


WADC  TR  S6-646  Pt  IT 


80 


Even  the  uninhibited  fluid  remained  liquid  following  400°  F  and 
500°  F  oxidation  and  corrosion  tests  after  the  highest  radiation  dosage  used, 

9 .2  x  1  0 1  0  ergs  g  C,  Results  of  these  tests  were  somewhat  ei  ratio,  but  the 
didodei  vl  selenide  blends  showed  the  best  stability,  both  before  and  after 
irradiation.  The  selenide  inhibitor  showed  the  characteristic  corrosivity  to 
copper  ard  silver  at  400°  F.  As  a  result,  most  tests  with  selemdes  were 
subsequently  run  with  steel  and  aluminum  specimens  only.  Irradiated  fluids 
containing  I)BPC  were  also  superior  in  oxidation  stability  to  the  corresponding 
irradiated  base  stock  alone. 

As  a  result  of  these  tests,  the  C  1 4  - 1  f, -alkyl  diphenyl  ether  showed 
real  promise  for  use  as  a  high  temperature  hydraulic  fluid  It  was,  therefore, 
used  for  most  of  the  inhibitor  evaluation  and  formulation  work  during  1957. 

4.  2.2  Dodecvl  and  Tetradecvl  Diphenyl  Ethers 

Both  dodecvl  and  tetradecvl  diphenyl  ethers  received  limited 
evaluation  prior  to  the  availability  of  the  C  j  4 _  j  fj  -  alkyl  derivative.  The 
results  are  shown  in  Tables  XXxVll  and  XXXVIII.  Viscosity  at  0°  F  was 
G50  cs  for  the  dodecvl  and  800  cs  for  the  tetradecvl  diphenyl  ether.  These 
low  values  are  accompanied  by  a  desirable  low  pour  point  but  are  offset  by 
high  volatility  and  low  viscosities  at  high  temperature. 

On  the  balance  of  all  properties,  the  Cj  4  _  j  -alkyl  diphenyl  ether 
appeared  slightly  preferable  to  the  tetradecyl  and  considerably  better  than 
the  dodecvl  diphenyl  ether  . 

4.2.3  C  1  r>  -  1  h  ~  Alkylbiphenyl  (T)isti  lied) 

Besides  the  alkyl  diphenyl  ethers,  the  a  Iky lbipheny is  appeared 
promising.  The  Cj  6- ifl-alkylhi  phenyl  was  chosen,  and  two  products,  a 
whole  stock  and  a  5%  to  80%  heart  cut,  were  obtained.  The  latter  was 
selected  for  hydraulic  fluid  evaluation  because  of  its  relatively  low 
viscosity  and  low  pour  point.  Because  the  viscosity  at  0°  F  was  2297  cs,  little 
V.  I.  improver  could  be  tolerated,  and  consequently  the  biphenyl  has  been 
considered  primarily  as  a  potential  unthickened  fluid.  The  upper  temperature 
limit  of  application,  established  bv  thermal  stabilitv  tests,  was  he’ween 
600° F  and  700° F. 


Compared  to  the  C;  4 . ;  5 -alkyl  diphenyl  ether,  the  biphenyl 
derivative  (see  Table  XXXIX),  before  irradiation,  had  slightly  poorer 
lubricity  and  viscosity-temperature  properties.  Other  properties 
were  roughly  equivalent.  The  biphenyl  showed  better  resistance  to 
viscosity  change  on  irradiation  than  the  diphenyl  ether.  However,  the  biphenyl 
frequently  solidified  in  500°  F  oxidation  tests  following  irradiation,  thus 
indicating  substantially  poorer  oxidation  stability  than  for  the  diphenyl  ether. 

As  a  result  of  these  evaluation  tests,  the  alkylbiphenyls  and 
alkyl  aromatics,  in  general,  remained  of  interest  as  possible  hydraulic; 
fluids.  The  Cjq.  jg-alkylhiphenyl  was  of  less  interest  than  the  diphenyl 
ether  because  of  poorer  physical  properties. 
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TABLE  XXXVII 


PROPERTIES  OF  FLUIDS 
BASED  ON  DODECYL  DIPHENYL  ETHER 


Sample  Mo. 

4b99-17-l 

Additive 

- 

H  DBPC 

Radiation  Dosage,  1010  ergs/g  C 

0 

0 

Viscosity,  cs,  *F 

-40 

11 ,6o8 

0 

650 

- 

100 

18.47 

16. 

52 

210 

3.57 

3. 

557 

400 

Pour  Point ,  °F 

Flash  Point,  *F 

1 .00 

-75 

405 

Spontaneous  Ignition  Temp.,  *F 

Oxidation  Corrosion 

Temperature,  *F 

347 

400 

Time,  hours 

72 

72 

Weight  Change,  mg/cma 

Cu 

-0. 19 

-4.54 

Cu-Be 

- 

• 

Fe 

>0 . 02 

>C .  12 

A1 

>0.06a 
♦0 .02“ 

>0.09 

Ag 

>0.15 

Viscosity  Change,  100*F,  % 

+7 

>56.8 

Viscosity  Change,  210°F,  % 

>4 

>26.1 

Neutralization  Number 

0.25 

29.8 

Insolubles,  % 

Vapor  Pressure  at  400*?,  mm 

25 

nil 

heavy 

a  Magnesium:  >0.26  mg/cma . 
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TABU  XXXVIII 


PROPERTIES  OP  FLUIDS  BASED  OH 
IT  TRADE CYL  DIPHENYL  ETHER 


Sample  No . 

1 

317 -OD 

047-1-2 

047-2-2 

047-4-2 

Radiation  Dosage,  1310  erga/g  C 

V lscoalty  ,  cs,  *P 

c 

t.5b 

' 

0.^ 

5-C* 

0.  ia 

,.c‘~ 

500 

400 

210 

100 

0 

•40 

1.12 
4.15b 
22 . 26 
600 
15.656 

1 . 511° 
6.01 
59-55 
2,156 

50,494 

4.28 

25.7 

4.80 

28.1 

4.10 

22.05 

4.7? 

27.55 

Pour  Point  ,  *P 

-70 

-50 

Plash  Point,  CO C,  *P 

44S 

4>o 

Spontaneoua  Ignition  Tamp.,  *P 

920 

820 

Bulk  Modulus  (adiabatic),  psl 

At  0  psl  snd  77* P 

269,000 

288,000 

Gassing  During  Irradiation,  rnl.g 

1.1 

2  * 

1.0 

5-9 

Density  st  68*P 

0.952 

Acid  Number,  mg;  KCH/g 

nil 

nil 

Vapor  Pressure  it 

V50*F,  mei~Tlg 

500*  P.  me  Ha. 

1.9 

14.5 

uxldatlon  Corrosion 

Time  ,  hours 

Tempersture,  *P 

Weight  Change  ,  ag/csi* 

Cvi 

Cu-Be 

Pe 

A 1 

Insolutlea,  % 

Viscosity  Change,  10C*P,  t 
Viscosity  Changa,  21C*P,  t 
Neutralization  Number  Changa 

48 

400 

-2.72 

-1.65 

0 

♦0.06 

trace 

♦  15.6 
♦152 

9.2 

46 

400 

-1.26 
-0.84 
-0.05 
-0.15 
-0.1C 
trace 
♦58.9 
♦  52.0 
*•9 

Hydrolytic  Stability 

luO  noura  In  praaaure  bomb 
with  i*  water  at  4Q0"P 

Viscosity  ,  ca 

At  2 1 0 * P ,  % 

At  10O*P,  % 

Insolublea,  t 

♦  0.7 
-0.4 

0.00  5 

man  Herts  Load  (screening  teat),  kg 

18 

L 

_ 

. 

*  10  ml  irradiated  in  *10  atalnleaa  steal  capsule  under  helium;  WIT  Canal  Source. 
b  600  ml  Irradiated  In  alumlnua  container  In  air;  WTR  Canal  Source. 
c  At  4  1  A  *  P  . 

i  1C  ml  Irradiated  In  heated  *10  atalnieae  steel  capeule  at  400*P  under  hellua,  WIT  Canal  Source. 
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4.2  4  Naphthenic  White  Oil 


Naphthenic  white  oil  was  carried  along  in  the  work  as  a  reference 
fluid  representing  petroleum  oil  refined  as  highly  as  practicable.  A  secondary 
objective  was  to  determine  the  extent  to  which  radiation  resistance  of  such 
a  material  could  be  improved  through  the  use  of  inhibitors.  Test  results  are 
shown  in  Table  XL. 

The  white  oil  was  inferior  to  the  alkyl  aromatics  discussed  in 
previous  sections  in  two  respects:  (1)  poorer  viscosity-temperature  properties 
and  (2)  poorer  oxidation  stability  when  uninhibited  The  addition  of  inhibitors, 
either  selenide  or  phenolic,  allowed  satisfactory  400°  F  oxidation  results,  but  all 
blends  solidified  in  500°  F  tests. 

On  irradiation,  the  white  oil  thickened  much  faster  than  the  alkyl 
aromatics  and  evolved  gas  at  approximately  five  tin.es  the  rate.  The  irradiated 
fluids  solidified  in  500°  F  oxidation  tests,  400°  F  results  were  less  discouraging. 

Because  of  the  limited  radiation  resistance  and  poor  500°  F  oxidation 
stability,  naphthenic  white  oil  was  not  suitable  for  use  as  a  radiation 
resistant  high  temperature  hydraulic  fluid. 

4.2.5  UCON  DLB  14 4E 


This  polypropylene  glycol  di  ether  was  also  evaluated  as  a  possible 
hydraulic  fluid  base  stock.  Work  with  inhibitors  was  confined  to  didodecyl 
selenide  (plus  silicone)  because  polygiycols  generally  have  poor  response  to 
phenolic  inhibitors1.  Results  are  shown  in  Table  XLI. 

UCON  DLB  1  44E  had  excellent  viscosity-temperature  properties 
and  good  lubricity.  In  oxidation  tests,  it  decreased  in  viscosity  because  of 
depolyn.er ization.  Selenide  inhibitors  increased  both  radiation  and 
oxidation  resistance,  allowing  an  irradiated  fluid  to  pass  a  500°  F  oxidation 
test  without  solidification. 

However,  thermal  stability  proved  to  be  a  major  problem.  Even 
at  C>00°  F  a  marked  viscosity  decrease  was  noted,  while  at  700°  F,  10-ml 
volumes  of  the  irradiated  fluids  developed  very  high  pressures  (in  excess  of 
1  000  psi)  so  that  the  stainless  steel  capsules  in  which  the  test  was  being  run 
were  ruptured.  As  a  result  of  this  instability,  the  planned  high  temperature 
work  was  not  completed  on  the  polvglycol.  Although  it  had  many  desirable 
properties,  thermal  instability  after  irradiation  eliminates  UCON  DLB  144E 
from  further  consideration  as  a  high  temperature  hydraulic  fluid. 


R.  G.  Larsen  and  A.  Bondi,  Ind  Eng  Chem  42,  2426  (1950). 
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^<>o  el  irradiated  In  alumlnua  contiln»r  op*n  to  air;  WTB  Canal  Source. 

10  *1  i’raillittj  In  *10  stainless  steel  capsule  under  tie;  turn.  WTP  Car.al  Source. 

10  ml  lris4latil  In  r«ated  sio  stainless  stee!  '-epeule  at  SfjO'P  under  helium;  PPTH  Cana*  Source 
?00  el  Irradiated  In  tin-plated  can  open  to  air;  PfTTt  Car.al  Source. 
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4 .  2 .  0  Silicones 


Silicone  fluids  combine  excellent  vi scosity-temperature 
properties  with  low  volatility  and  good  oxidation  resistance  They  are  among 
the  organic  compounds  which  are  least  resistant  to  radiation1.  Aromatic 
rings  impart  radiation  resistance  to  silicones  as  well  as  to  hydrocarbons". 

.A  series  of  nine  silicones  of  varying  phenyl  content  was  irradiated  in  the 
NTTR  Gamma  Source  to  investigate  this  further.  Results  are  shown  in 
Table  XLII 


The  Dow  Corning  200,  4209,  and  the  three  Lunde  silicones 
were  aliphatic  DC  <03,  550,  7  10,  and  XF-4320  were  increasingly 
aromatic.  The  experimental  XF-4320  fluid  remained  fluid  and  showed 
low  gassing  (2  4  ml/g)  at  9  x  1  0 1  ^  ergs/g  C.  This  stability  was  above 
that  of  previously  tested  silicones.  The  large  viscosity  decrease  of 
DC  4209  was  reported  previously  and  was  probably  due  to  depolymerization 
of  a  high  molecular  weight  component. 

4 . 3  Evaluation  of  Additives 

4.  3.  1  Oxidation  Inhibitors 


As  the  Ci  4 ..  i  (3 -alkyl  diphenyl  ether  was  the  most  promising 
base  stock  available,  most  evaluations  of  oxidation  inhibitors  were 
carried  out  in  it.  Results  of  a  series  of  400°  F  oxidation  and  corrosion 
tests  with  sulfide  and  selenide  inhibitors  are  shown  in  Table  XLIII  and 
with  amine  and  phenolic  inhibitors  m  Table  XL1V. 

Although  experience  has  indicated  that  results  from  this  test 
are  rather  erratic,  the  inhibitors  most  effective  in  preventing  viscosity 
change  can  be  placed  in  the  following  order  of  decreasing  effectiveness  in 
the  alkvl  aromatic  base  oil. 

Morpholine  diselenide 

Di  -fi-  naphthyl  -p-phenylenediamme 

Ph~nothiazine 

Dioctyl  selenide 

Bis(tridecyl)  selenide 

Di  benzyl  selenide 

Oidodecyl  selenide 

Pheny  1-n  -nap’nthylarnine 


Phenolic  inhibitors  and  aryl  selenides,  which  are  relatively  ineffective, 
ar  e  not  listed 

R.  O.  Holt  and  .J  G.  Carroll,  The  Radiolysis  and  Radiolytic  Oxidation 
of  Lubricants,  In <i  Eng  Chern  50,  No.  2,  February  1953 

2 

Radiation  Resistant  Lubricants  -  Their  Development  ar.d  Status, 
(California  Restart h - AEC  Report  No  7)  1  ID  5139.  June  30,  1954,  p  7 
(  COM  IDENTIA  L). 
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Approximate;  othftr  dosages  ♦_  10H  »ltf.  (fr%  confluence  limits. 


TABLE  XLIV 


PU’IDS  E\3EL  ON  Cl4-,. -ALKYL  DIPHENYL  ETHER 
WITH  A»I«  AND  PHENOLIC  INHIBITORS 


3— pit  Mo. 
Addltlvs 


os,  *P 


gflontansou*  Ianltlon  Tsap. ,  *P 

Qildation  Corroalon 

Tlaa ,  hours 
Tsaparst  ors ,  *P 

Haight  Chans*.  ag/es* 

Cu 

Cu-Ba 

A( 

Pa 

A1 

Inaolublaa,  f 
Vlacoalty  C hangs ,  100*P,  f 
Vlscoalty  Chsngs,  210*P,  f 
Neutral  last  ion  Wuabar  Chang* 


If  Phenyl-  <*- 
naphth.y iaaln* 


A  .807 

26. 86 


-0.61 
♦0.16 
♦  0.19 
♦o.io 
♦o.l6 
1  .92 
♦  29.0 
♦  15.3 
5.3 


*9*6-6-60 


If  Phano- 
t  Mac  Ins 


*.6;2 

26.96 


♦o.»8 
♦0.52 
♦0.9* 
♦0.68 
♦0.87 
2.55 
♦  15.0 
♦  10.0 
7.2 


*9*6-6-5. 


If  Dl-^-naphthyl- 
p-phany ianed iaaln* 


*.626 
26 . 87 


-2.1 

-0.7* 

0 

0 

0 

5.62 
►  12  .0 
-2  .6 
*  Pi 


*9*6-12-1 


1*  Trl- 
pnanylamlna 


5.0*9 

26.9c 


-0.5? 

-0.26 

-0.00 

-C.06 

0 

nil 
■  110 
♦  *7.P 
12.1 


Saapla  No. 


Additive 


VUcoelty ,  oa,  *P 


2  AN-1 


*.’26 
2b.  09 


2  AN-2 


*931 

28.17 


2  DBPC 


*.2*5 

26.55 


2  A22*6  I  2  DBFC 


*.928 
28.  30 


*-737 
26.  *8 


*9*6-12-7 


2  AN- 3  2  DBPC 

♦  1  fl»Sa 


*.811 

27.12 


*.689 

25.09 


Qai Ids  t  Ion  Corroalon 

Tlao,  hou.a  *8  *8 

Tampers t ure .  *P  *00  *00 

Haight  Chang  a ,  ag/oa“ 

CU  -*.0  -3.5* 

Cu-Be  -1.0  -1.3 

Ag  -0.03  -0.23 

Pa  *0.26  0 

A1  0  -0.06 

Insoluble*.  f  0.075  l.*7 

Vleooalty  Chsnga,  100*P,  f  +80.2  +37*. 0 

Vlseoalty  Chsnga,  210*P,  f  +*1.7  +8*. 6 

Nautral laatlon  Nuabar  Chang*  3.0 


♦0.39 
-0.23 
♦0.13 
♦0.13 
♦0.06 
2.59 
►  A7.0 
•  22.2 
3.5 


a  -1 .69 
-0.*9 
-O.Ob 
♦  0.03 
-0.05 
nil 

♦  *7.3 

♦  2?.* 

3.* 


-1  .* 
-0.10 
♦0.90 
*0.77 
♦0.71 
5-2 

♦*b.e 

♦23.9 

8.5 


-3.39 

-1.9* 

-0.23 

-0.7 

♦0." 

0.17 
►  56.9 
02.9 
5-5 
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No  additive  yielded  a  completely  satisfactory  oxidation  test 
result,  insolubles  and  neutralization  number  were  generally  high. 

Copper  and  silver  alloys  were  omitted  from  most  of  the  tests  containing 
selenide  inhibitors.  It  was  observed  that  the  insolubles  from  many  of 
the  tests  with  selenide  inhibitors  had  the  characteristic  reddish  color  of 
selenium.  To  determine  the  extent  to  which  the  inhibitor  was  producing 
insolubles,  the  solids  from  several  oxidation  and  corrosion  tests  with 
selenide  inhibitors  were  analyzed  for  selenium.  Results  are  in  Table  XLV. 


Table  XLV 


Analvsis  of  Insolubles  from  Corrosion  Tests 

_ _ _ _ |L_ - 


' - T* - 

Inhibitor 

Inhibitor 

%  Selenium 
in  Insolubles 

3.  G3U 

Bis(trideeyl)  Selenide 

6  7 

5 . 2  G 

Didodecyl  Selenide 

68 

2 . 09 

Dimorpholine  Diselenide 

5  1 

3  .  8b 

Dioctyl  Selenide 

85 

Sat.  * 

Phenoselenazine 

3.27 

2  .  55 

Diphenyl  Selenide 

1 . 06 

0.26* 

1 _ 

Diphenyl  Selenide 

0 .  1  5 

All  blends  but  those  asterisked  (*)  were  made  to 
have  1%  selenium  content,  this  resulted  in 
different  inhibitor  concentrations. 


The  insolubles  thus  tended  to  have  a  high  selenium  content 
■where  the  selenium  is  attached  to  nitrogen  or  to  an  aliphatic  carbon  atom, 
the  value  was  much  lower  if  the  selenium  was  part  of  an  aromatic 
heterocyclic  system  or  was  connected  to  a  benzene  ring.  The  former 
■were  unfortunately  the  more  effective,  and  the  latter  the  less  effective 
oxidation  inhibitors. 

Tables  XLIII  and  XLIV  (pages  9  3  and  94)  also  show  the  effect 
of  selenide  inhibitors  in  increasing  the  spontaneous  ignition  temperatures 
of  an  organic  liquid.  The  800°  F  value  of  the  base  stock  was  raised  to 
1000°F  by  using  alkyl  or  aryl  selenides.  Typical  phenolic  and  amine 
Inhibitors  had  no  such  effect. 

A  few  additional  400°  F  oxidation  and  corrosion  tests  were 
performed  in  other  base  stocks  as  shown  in  Table  XLVI.  Here  a 
selenide  was  superior  to  phenolic  inhibitors  in  naphthenic  white  oil, 
as  it  was  in  the  diprtenyl  ether.  Both  the  C  j  h>- I  8  "alkyldipheny  lmethane 
.and  distilled  C  j  4 .  j  r, -alkyl  diphenyl  ether  showed  good  oxidation  stability 
at  4  00°  F  Diioenzyl  selenide  preserved  the  oxidation  stability  of  a 
poly  glycol  diether  at  847°  F  following  irradiation  to  12.  5  x  ]0lfl  ergs  g  C. 
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Although  didodecyl  seler.ide  is  commercially  available,  its 
relatively  nigh  melting  point  often  causes  high  pour  points  in  blends 
containing  it.  Therefore,  bis(tridecvl)  selenide  (see  Appendix  V)  was 
extensively  used.  A  blend  of  Cj  i.jg-alkyl  diphenyl  ether  with  Polybutene  128 
and  oxidation  inhibitor  was  one  of  the  more  interesting  fluids.  Varying 
concentrations  of  bis(tridecyl)  selenide  were  added  and  the  nonirradiated  blends 
tested  in  the  500° F  oxidation  and  corrosion  test.  Results  are  shown  in 
Table  XLVI1. 

No  advantage  was  gained  by  increasing  selenide  concentration  above 
0  .  5V  The  apparent  anomaly  at  2%  probably  resulted  from  use  of  a  different 
batch  of  bisftridecvl)  selenide  for  this  blend.  Results  are  considered  good  in 
view  of  the  severity  of  the  test. 

Several  o*her  oxidation  inhibitors  which  had  been  tested 
previously  in  the  C  14.16-alkvl  diphenyl  ether  base  stock  were  also  tested 
in  the  ether -polvbutene  blends.  A  comparison  was  made  between 
b  is(t  ridecvl )  selenide,  DBPC,  phenothiazine .  di -  naphthyl -p-phenylenediamine, 
and  a  mixture  of  the  latter  with  diphenvl  selenide.  Results  are  given  in 
Table  XLVII1. 

The  bis(tridecyl)  selenide  appeared  superior  to  the  other 
inhibitors  in  ability  to  maintain  a  fluid  condition  during  high  temperature 
oxidation  tests.  DBPC  was  the  next  most  effective  single  inhibitor  while 
DNPD  and  phenothiazine  were  much  less  effective.  The  phenothiazine 
samples  solidified  in  all  500°  F  tests.  Addition  of  diphenyl  selenide  with 
DNPDto  the  blend  gave  stability  comparable  to  DBPC.  However,  the  blends 
are  highly  corrosive  to  copper  and  silver  despite  the  aromatic  attachment  of  the 
selenium. 


The  extent  to  which  oxidation  inhibitors  retain  their  beneficial 
effect  following  irradiation  may  determine  their  usefulness  in  radiation 
resistant  formulations.  Table  XL1X  shows  the  effect  of  irradiation  at  two 
dosage  levels  on  oxidation  life  in  a  Dornte-type*  test  at  400°  F  of  four  base 
oils  with  and  without  inhibitors.  Neither  C 1  6- 1 8 -alkylbiphenyl,  C14.1Q- 
alkyl  diphenyl  ether,  nor  naphthenic  white  oil  had  significant  oxidation  life 
without  inhibitors.  With  didodecyl  selenide  or  DBPC  marked  increases  in 
stable  life  were  shown.  This  increase  was  retained  to  varing  degrees 
after  irradiation  to  10^,!  ergs/g  C  ■  The  C 1  6  - 1 8  "alkylbiphenyl  retained 
no  ost  of  its  initial  stability,  4. 15. alkyl  diphenyl  ether  slightly  less  than 
half,  and  the  white  oil  considerably  less. 

Even  after  irradiation  to  10  x  10*0  ergs/g  C,  the  inhibited  oils 
still  had  greater  stability  than  did  the  unirradiated  base  stock.  The  UCON 
DLB  144E,  which  contained  phenyl-vV-naphthylamine  as  manufactured,  showed 
a  reduction  in  stability  after  irradiation  tc  10^  ergs/g  C.  With  didodecyl 
selenide  added,  sensitivity  to  irradiation  was  reduced.  The?e  data  are  highly 
significant.  They  show  that  inhibitors  are  beneficial  to  oxidation  stability,  both 
before  and  after  exposure  to  nuclear  radiation. 

'  G  H.  Denison  and  P.  C.  Condit,  Ind  Eng  Chem  41,  044  (1  040). 
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EFFECT  OF  IRRADIATION  ON  OXIDATION  STABILITY 
DORNTE  TEST  -  UNCATALYZED  OXYQEN  ABSORPTION  AT  k00*F 
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4.3  2  Viscosity  Index  Improvers 

Because  of  the  wide  temperature  range  over  which  an 
hydraulic  fluid  is  intended  to  operate  a  flat  viscosity-temperature 
curve  is  desirable,  i.e.  minimum  change  of  viscosity  with  temperature. 

A  1th  ough  alkyl  aromatics  have  use  osi  ty  -  temperature  properties  comparable 
to  the  best  petroleum  oils,  they  are  onsiderably  poorer  than  the  v>est 
synthetics  in  this  respect.  Since  the  target  properties  are  based  on  the  latter, 

V.  I.  impr  overs  may  be  necessary  in  the  alkyl  aromatics  to  obtain  an 
adequate  range  of  operating  temperatures.  Previous  data1  showed  that 
Poiybutene  128,  a  low  molecular  weight  polvisobutylene,  possessed  better 
radiation  stability  than  other  V  I.  improvers  tested. 

In  1957  several  additional  cornmercia lly  available  V .  I.  improvers 
were  investigated,  e.  g.  ,  polybutenes  such  as  Vistanex  LM-MH  and  LM-MS 
and  Parato.ie  N  and  the  Parapols"  (stvrene-isobutylene  copolymers). 

(The  A  PA  Mo  and  APEMS  discussed  in  Section  2,  page  39,  w»»re  developed 
late  in  the  contract  year.  They  were  not  available  in  time  for  formulation 
and  testing  of  hydraulic  fluids.  )  Relative  shear  stability  tests  were  performed 
by  the  sonic  oscillator  method  (see  Appendix  I)  on  inhibited  alkyl  diphenyl 
ether -polymer  blends  having  the  same  initial  viscosities  at  210°  F.  Results 
are  shown  in  Figure  12.  The  low  molecular  weight  Polybutene  128  was  the 
most  stable  polymer  in  this  test.  The  high  molecular  weight  Parapols,  which 
were  not  or  ginally  intended  for  V.  1.  improver  use,  were  severely  degraded. 

Several  similar  blends  were  evaluated  before  and  after  irradiation. 
Results  are  shown  in  Table  L.  The  higher  molecular  weight  polybutenes, 

Vistanex  and  Pa  rat  one  N.  produced  blends  with  better  viscosity-temperature 
properties  than  Polybutene  128.  However,  blends  with  the  latter  retained  much 
more  of  their  initial  viscosity  as  shown  in  Figure  13.  The  Parapols  were  about 
as  radiation  stable  as  were  the  higher  molecular  weight  polybutenes.  The 
comparative  stability  of  the  Parapols  to  radiation  was  much  better  than  their 
resistance  to  shear.  The  presence  of  aromatics  in  these  doubtlessly  enhanced 
radiation  stability  Within  the  reproducibility  of  the  test,  the  type  of  V.  I. 
improver  used,  whether  polybutene  or  Barapol,  did  not  appear  to  affect  the 
400°  F  oxidation  stability  following  irradiation  as  shown  in  Table  L. 

4.3.3  Radiation  Damage  Inhibitors 

Effects  of  inhibitors  on  radiation  stab4l  ty  were  investigated  in 
at  least  two  base  stocks,  Cj  j  g-alkyl  diphenyl  e  ther  and  an  aliphatic 
material,  e.g.,  naphthenic  white  oil,  10-C  insulating  oil,  or  hexa( 2 -ethylbutoxv) - 
disiloxane.  Results  for  selenide  inhibitors  are  shown  in  Table  LI  and  for  sulfur, 
phenolic,  and  amine  inhibitors  in  Table  LII. 

1  '  Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  (California 
Research  1956  Summary  Report  on  Contract  AF  33(61  6) - 31  84) 
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!  -  SHEAR  STABILITY  IN  SONIC  OSCILLATOR  TEST 
-ALKYL  DIPHENYL  ETHER  CONTAINING  2%  B I S( TR I DECYL) 
SELENIDE  AND  0.001%  DIMETHYL  SILICONE 
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The  selenide  blends  were  prepared  to  contain  either  1%  or 
0.  1%  selenium.  Dibenzyl  selemde  and  diphenyl  selemde  were  s  1  i ^ht  1  \  more 
effective  than  the  dialkyl  selenides  in  reducing  viscosity  change  on  irradiation. 
In  addition,  they  appeared  to  reduce  gas  evolution  slightly  in  the  diphenyl 
ether  and  in  10-C  insulating  oil.  None  of  the  sulfur,  phenolic,  or  amine 
inhibitors  had  a  demonstrably  significant  effect  on  gas  evolution  rate  Sulfide 
inhibitors  as  a  class  appeared  to  mitigaie  viscosity  change  with  results 
comparable  to  selemde  inhibitors. 

Several  irradiations  were  carried  out  at  400°  F  to  compare  with 
the  usual  ambient  temperature  (about  60°F)  exposures.  Results  are  shown 
in  Table  LIII.  Surprisingly,  both  viscosity  change  and  gas  evolution  were 
lower  for  the  400°  F  than  for  the  lower  temperature  condition.  While  this 
result  may  be  considered  tentative  until  confirmed  by  further  work,  the 
failure  of  400eF  temperature  toaccelerate  radiolysis  is  encouraging. 

Irradiations  were  also  carried  out  with  unsaturated  or  ketonic 
aromatic,  compounds  as  additives.  This  was  to  determine  if  radiolytic  gassing 
could  be  cut  down  by  providing  easily  reduced  materials  to  take  up  evolved 
hydrogen.  The  data  of  Table  LIV  fail  to  show  a  significan*  lowering  of  gas 
evolution  rate  by  this  method. 

Table  LV  contains  results  of  a  series  of  high  dosage  irradiations 
of  elm  eeyl  diphenyl  ether-inhibitor  blends  in  comparison  with  other  alkyl 
aromatics  and  conventional  base  stocks.  None  of  the  conventional  materials 
remained  liquid  after  irradiations  above  10  >:  10* ergs/g  C,  although  data 
were  sufficiently  scattered  that  the  exact  solidification  dosages  could  not  he 
established.  At  the  highest  dosage,  69  x  10in  ergs/g  C,  some  alkyl 
aromahcs  were  still  liquid,  including  octylbiphenyl  and  di -£- tolylisodecane 
Dodeeyl  diphenyl  ether  blends  containing  dibenzyl  selenide,  dibenzyl  sulfide, 
diphenyl  selenide,  diphenyl  sulfide,  and  phenoselenazine  were  still  fluid  at 
dosages  greater  than  40  x  10^  ergs  g  C. 

Silicate  base  fluids  (8200  and  8515)  are  being  widely  used  in  the 
-659  F  to  400°  F  temperature  range  (Specification  MIL- H -844GA) .  The  limited 
radiation  resistance  of  these  materials  is  typical  of  aliphatic  materials.  The 
effect  of  adding  aromatic  compounds  to  8200  fluid  was  investigated,  and 
results  are  reported  in  T' hie  LVI.  As  is  normal  for  viscosity  index  -  improved 
fluids,  viscosity  at  first  decreased  on  irradiation  (due  to  scission  of  the 
polymer)  and  then  increased.  The  presence  of  considerable  volatile  material 
in  many  cases  prevented  viscosity  measurement  at  2  10°  F. 

The  addition  of  diphenyl  ether  C]  (;..i  g-alkylbiphenyl .  dibutyl 
pnthalate,  or  tetradecvl  diphenyl  ether  to  8200  fluid  reduced  both  the 
viscositv  change  and  the  rate  of  gas  evolution  on  irradiation.  This  latter 
effec*  is  shown  in  Figure  14  The  data  are  very  scattered  but  indicate  that 
increasing  aromatic  content  resulted  in  decreasing  gas  evolution  during 
irradiation.  This  plot  also  shows  that  gas  evolution  per  unit  dosage  is  nit 
independent  of  total  dosage  hut  decreases  at  the  higher  levels.  The  effect  of 
added  aromatics  is  further  illustrated  in  f  igure  15.  The  DC  710  fluid  .also 
Kenflex  L.  (naphthalene -formaldehyde  polymer)]  reduced  gas  evolution  while 
ha  ving  an  adverse  effect  on  viscosity  stabili’y  (see  Table  LVI). 
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In  capsules  of  Alt)  stainless  steel  sealed  under  helium;  serleu  0-1Q0  end  3-101 
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FIG.  IU  -  EFFECT  OF  AROMATIC  ADDITIVES  ON  GAS 
EVOLUTION  OF  ORONlTE  8200  FLUID 
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GAS,  VOL/ VOL 


FIG.  15  -  EFFECT  OF  ADDITIVES  OK  RADIATION- I NDUCED 
GASSING  OF  ORONITE  8200  FLUID 
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The  blend  containing  2  5%  diphenyl  ether  nad  the  highest 
percentage  of  aromatic  carbon  atoms  and,  consequently,  showed  the 
least  radiation  damage.  Several  additional  stability  tests  were  performed 
on  this  fluid  belore  and  after  irradiation.  Results  are  shown  in  Table  LVLI 
The  irradiated  blend  was  more  stable  in  the  400°  F  oxidation  test  than  was 
the  8200  fluid  itself  after  irradiation.  No  improvement  in  hydrolytic 
stability  of  the  blend  over  8200  fluid  was  evident  after  irradiation. 

4  4  Evaluation  of  Formulations 

4.4.1  CA L R ESEARCH  216 

A  formulation  based  on  C j  <  i  g -alkyl  diphenyl  ether  was  the 
most  promising  radiation- resistant  hign  temperature  hydraulic  fluid 
developed.  It  was  designated  CALRESEARCH  215  and  had  the  following 

composition: 

C  j  4  _  j  6 -Alkyl  diphenyl  ether,  wt  %  84.0 

Polybutene  128  14.0 

Bis(tridecyl)  selenide  2 . 0 


100.  0 

1%  solution  of  60,000  cs  dimethyl  silicone 

in  kerosene,  wt  %  added  0.  1 


Properties  of  this  fluid  before  and  after  irradiation  were 
summarized  in  Table  II  page  vii  All  available  data  on  CALRESEARCH  216 
are  shown  in  Table  LVIEI.  A  viscosity  of  2.  5  cs  at  400°  F,  as  required  by 
Specification  MIL-H-8  4  46A ,  resulted  in  a  viscosity  near  5000  cs  at  0°  F 
for  the  fluid.  Volatility  was  low  with  a  vapor  pressure  at  500°  F  of  less  than 
15  mm  Hg.  Spontaneous  ignition  temperature  was  around  1000°F,  due  in 
part  to  the  selenide  inhibitor.  Oxidation  stability  appeared  relatively  good 
at  both  400°  F  and  500°  F.  Copper  and  silver  alloys  were  omitted  from  the 
test  because  of  the  known  activity  of  seienides.  The  apparent  high  corrosion 
to  steel  shown  in  two  of  the  earliest  500°  F  runs  performed  was  not  confirmed 
by  subsequent  tests  (see  Table  XLVII). 

Hydrolytic  stability  tests  were  run  for  100  hours  at  400°  F  with 
6%  water  in  a  nickel  (94%)  Pair  22 -ml  flame  ignition  peroxide  bomb. 

The  base  stock  alone  was  unaffected  bv  this  test.  CALRESEARCH  216  had  a 
small  viscosity  decrease  and  left  a  greenish  deposit  in  the  range  of  several 
tenths  per  cent  by  weight  on  the  walls  of  the  bomb.  Apparently  in  the 
presence  of  water,  some  corrosion  by  the  selenide  had  occurred.  Lubricity, 
measured  by  the  Eour-Ball  Wear  test,  was  good,  particularly  at  high  loads. 
The  Mean  H^rtz  Load  results  showed  average'  film  strength 
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Filter  plugged. 
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Thermal  stability,  as  measured  in  capsule -type  tests,  will  be 
discussed  in  the  next  section.  Vapor  pressure  measurements  by  the 
isoteniscope  method  were  made  on  bo»h  CALRESEARCH  210  and  the 
C]4_  ig-alkyl  diphenyl  ether  base  stock.  Results  are  shown  in  Figure  16 
At  low  temperatures  the  vapor  pressure  of  CALRESEARCH  216  was 
probably  higher  than  that  of  the  base  stock  because  of  the  presence  of  a 
small  amount  of  low  boiling  material  in  the  additives.  At  high  pressures,  the 
deviation  was  presumably  due  to  thermal  decomposition  of  the  additives,  w'hich 
apparently  occurred  around  500°  F  . 

On  irradiation,  the  first  detectable  effect  on  CALRESEARCH  216 
was  a  viscosity  loss  as  a  result  of  a  partial  depolymerization  of  the  V  I. 
improver.  The  viscosity  as  a  function  of  dosage  is  plotted  in  Figure  17. 

F  or  irradia tions  carried  out  at  80°  F  under  an  inert  atmosphere,  the 
viscosity  at  210°F  dropped  from  12  es  to  about  9.0  cs  and  then  rose,  reaching 
only  14  os  at  a  dosage  beyond  10  x  1(V  ()  ergs/ g  C.  In  400°  F  irradiations ,  the 
viscosity  fell  much  faster  and  further,  one  point  below  6  cs  being  reached. 

TFiis  effect  was  probably  due  to  the  thermal  instability  of  the  polybutene 
additive. 


Spontaneous  ignition  temperature  was  not  adversely  affected 
by  irradiation.  The  flash  point  gradually  fell  due  to  the  accumulation  of 
volatile  products.  Vapor  pressure  increased  for  a  similar  reason.  The 
volume  of  foam  gradually  increased,  but  its  stability  remained  low.  (las 
evolution,  at  the  higher  dosages,  was  at  the  rate  of  1  to  2  ml  gas/ml  fluid/ 
lol°  ergs/g  C.  Acid  number  depended  in  considerable  part  upon  the  degree 
of  exposure  to  air  during  the  irradiation.  The  smaller  samples  tended  to  have 
larger  acid  numbers. 

Oxidation  stability  gradually  decreased  as  dosage  increased,  but 
no  solidification  occurred  at  the  highest  dosages,  even  in  the  500°  F  test. 

THis  result  was  surprisingly  good.  As  1020  steel  is  unlikely  to  be  encountered 
in  high  temperature  hydraulic  systems,  500°  F  oxidation  tests  were  run  with 
more  likely  structural  materials  before  and  after  irradiation  of  the  fluid. 
Results  are  shown  in  Table  LIX.  Both  304  stainless  and  M-10  tool  steel  were 
unaffected,  while  410  stainless,  4140  steel,  and  titanium  were  affected  to 
some  extent. 


Hydrolytic  stability,  as  measured  by  viscosity  change,  gradually 
decreased  with  dosage  (see  Table  LVI11).  The  formation  of  insolubles  remained 
unchanged.  At  the  highest  dosages  ,  wear  decreased,  although  no  enhancement 
of  end  point  properties  was  detected.  Results  of  successful  pump  tests  are 
described  in  a  later  section. 

CALRESEARCH  216  was  the  first  complete  hydraulic  fluid  to 
come  from  this  contract.  It  had  good  radiation  resistance,  oxidation 
stability,  volatility,  lubricity,  and  spontaneous  ignition  characteristics. 

Thermal  stability  of  the  fluid  was  better  than  with  most  currently  used  fluids 
but  was  inferior  to  the  dipher.yl  ether  base  stock.  As  a  first  attempt,  the 
properties  are  encouraging,  but  this  fluid  is  by  no  means  considered  to  be 
the  ultimate  available  from  alkyl  aromatics. 
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VAPOR  PRESSURE, 


FIG.  Ifl  -  VAPOR  PRESSURES  OF  HYDRAULIC  FLUIDS 
USING  THE  I SOTEN I  SCOPE  METHOD 
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viscosity  at  2io°r,  cent i stokes 


FIG.  17  -  RADI ATION-INOUCED  VISCOSITY  CHANGE  OF  CAIRESEARCH  210 

IRRADIATED  UNDER  HELIUM  IN  SEALED  STAINLESS  STEEL  CAPSULES; 

MTR  CANAL  SOURCE 
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Filter  plugged. 


!.  1  2  n-Nonvl  Pi  phony  1  Ether 

Tins  new  compound  was  )f  brief  interest  as  a  base  stock  foi 
thickened  hydraulic  fluids  With  (8%  Polybutene  128.  2%  bis(tr  ideevi) 
selenide,  and  0.001%  dimethyl  silic  me,  the  properties  listed  m  Table  LX 
were  obtained  On  storage  at  -20°  F,  the  !  ase  sto*  k  crystallized  in  one 
day.  The  blend,  although  stable  for  one  month  at  this  temperature,  also 
crystallized  in  one  day  if  seeded  with  fr  men  base  stork.  As  the  main 
advantage  desired  from  this  blend  was  better  low  temperature  properties 
than  CALRESEARCH  21  its  high  solidification  tempera  tire  excluded  it 
from  further  consideration 

4.4.  8  Oronite  82  00  Fluid 

Be<  ause  of  the  widespread  use  of  silicate  liase  hydraulic 
fluids,  an  evaluation  was  made  of  tin1  ability  of  Oronite*  8200  fluid  to 
withstand  nuclear  radiation  Results  are  sh  >wn  m  Table  LX1  in  comparison 
with  some  if  the  properties  of  its  basestock,  hexa(2 -ethylhutoxv )di si loxane . 

Oronite  8200  fluid  is  intended  for  continuous  operation  over  the 
t cun pera tu re  range*  from  -GaJ  1  to  400°K,  with  shorter  life  at  higher 
t em fiera tu res .  It  is  characterized  by  excellent  viscosity-temperature* 
properties  and  low  temperature  fluiditv.  On  irradiation,  the  viscosit*  first 
decreased,  reaching  a  minimum  near  H)IV  ergs  g  C  and  then  me  reused 
rather  rapidly  at  higher  dosages.  Volatile  products  were  formed,  but  flash 
point  'incl  vapor  pressure  remained  relatively  unchanged  below  1()1(  err.-s/g  ('. 

In  oxidation  and  eorrosi  in  tests  at  400°  F  or  >00°  F,  the  original 
fluid  typically  lost,  rather  than  gained,  viscosity.  Irradiation  increased  the 
viscosit;  loss  and  at  tin*  higher  dosages  caused  some  copper  corrosion. 

Hydrolytic  stability  is  one  of  the  borderline  properties  of  silicate  fluids  and 
one  that  was  adversely  affected  by  irradiation  as  shown  in  Table  LXI.  Thus, 
it  is  necessary  to  exclude  liquid  water  from  all  high  temperature*  hydraulic 
systems,  and  especially  so  for  those  containing  silicate  fluids  exposed  to 
nuclear  radiation  Lubricity  of  8200  fluid  was  improved  by  a  large  radiation 
dosage  (greater  than  f>  x  lO^d  er^,s  ^  C),  the*  effect  on  this  property  at  intermediate 
dosages  was  not  determined  Increasing  the  temperature  of  irradiation  to 
400°  F  appeared  to  increase  the  gas  evolution  rate  but  did  not  produce  an  , 
other  detectable  effect 

Several  it  her  comn  ere  iallv  available  silicate*  base  hydraulic 
fluids  were  briefly  evaluated  to  determine  whether  their  resistance  to 
irradiation  differed  markedly  from  that  of  8200  fluid.  These*  data  are 
presented  in  Table  LX11  The  usable  limit  for  851  >  fluid,  like  8200  fluid 
appeared  to  be  about  ltd  ergs  g  C 

4,5  Evaluation  of  Thermal  otabiiitv 


Most  thermal  stability  measurements  were  made  by  the  same 
technique  used  for  irradiations  The  liquid  was  introduced  under  a  helium 
atmosphere  into  a  4H  stainless  steel  capsule*  which  was  then  welded  shut 
After  exp  mure  m  a  muffle  furnace  for  the  required  time  and  temperature, 
the  capsules  were  ipened  gas  **v  lived  was  measured,  and  viscosity 
determinations  made  on  the  fluid  Results  are  sh  >wn  m  '1  able  X  LI  1 1 
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10  ml  Irradiated  in  410  stainless  steel  capsules  under  helium; 
MTR  Canal  Source. 
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The  two  base  stocks  of  greatest  interest,  Cj  4.16-alkyl  diphenyl 
ether  and  C  1  g.  1  g-alkylbiphenyl,  showed  good  stability  in  20-hour  tests  at 
600°  F  and  0 -hour  tests  at  700°  F.  Ln  20-hour  tests,  decomposition  was 
moderate  at  630*  F  and  usually  heavy  at  700°  F.  Irradiation  reduced 
stability,  significant  decomposition  occurred  at  600*F  on  irradiated  stocks. 

Of  the  other  base  stocks  tested,  naphthenic  white  oil  also  was 
satisfactory  at  600°  F  and  moderately  decomposed  at  050°  F.  UCON  DLB  144E, 
diisooctvl  azelate,  and  diisooctyl  terephthalate  were  unstable  at  600°  F.  The 
polyglycol,  in  particular,  developed  very  high  pressures  in  the  test  at  700°  F 
after  irradiation,  causing  rupture  of  the  steel  capsules. 

CALRESEARCH  216  was  stable  in  400°F  thermal  stability  tests. 

At  500°  F  (20  hours  in  glass),  a  moderate  viscosity  decrease  occurred, 
accompanied  by  a  reddish  precipitate  on  cooling  to  room  temperature.  This 
precipitate  was  probably  metallic  selenium  from  decomposition  of  the 
selenide  inhibitor.  At  higher  temperatures  in  410  stainless  steel  capsules, 
larger  viscosity  decreases  occurred,  accompanied  by  the  formation  of  a 
black  coating  on  the  inside  cf  the  vessel.  The  fluids  remained  clear,  indicating 
that  the  selenium  had  reacted  with  the  steel.  In  these  thermal  stability  tests, 
the  major  effect  of  irradiating  CALRESEARCH  216  appeared  to  be  an  increase 
in  the  gas  evolution  rate. 

All  blends  containing  V  I.  improvers  showed  substantial 
decomposition,  even  in  600°  F  thermal  stability  tests.  Polybutene  128  lost 
less  of  its  thickening  power  in  600°  F  tests  than  any  of  the  other 
hydrocarbon  V.I.  improvers  being  considered  for  use  in  the  alkyl  aromatics. 
The  effect  of  inhibitors  is  not  clearly  defined  by  the  available  data.  However, 
no  blends  satisfactory  for  20  hours  at  700°  F  were  found.  Irradiation  of  blends 
decreased  stability  as  in  the  case  of  the  base  stocks. 

4.  6  Hydraulic  Pump  Tests 

During  1  957,  four  hydraulic  pump  tests  were  run  using  New  York 
Air  Brake  66WA300  pumps.  Each  pump  was  operated  150  hours  at  160°F, 
followed  by  1  00  hours  at  275°  F.  As  these  were  standard  production  pumps, 
operation  at  higher  temperatures  was  not  attempted. 

Initially,  tests  were  run  to  determine  the  operability  and  lubricity 
of  a  selenide -inhibited  alkyl  aromatic  blend.  Fluid  O-  1  A 1  (developed  earlier 
on  AEC  Contract  AT(1 1  -1  )-l  74)  was  tested  both  before  and  after  irradiation 
to  4.  4  x  10l°  ergs/g  C.  The  composition  of  Fluid  0-1  A  was  as  follows: 


*  Radiation  Resistant  Lubricants  -  Their  Development  and  Status,' 
(California  Research-AEC  Report  No.  7)  TID  5186,  June  30,  1954 
(CONFIDENTLY  L). 
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Mixed  Alkylbenzeries  (MW-2  50) 

74  45 

Dow  Resin  V-9 

1  5.  00 

Polybutene  128 

5.  50 

Didodeeyl  Selenide 

5.  00 

Quinizarin 

0.  05 

1  00.  no 

The  fluid  was  not  intended  for  high  temperature  use,  as  it  had  a  viscosity 
at  210°  K  of  3.  46  cs  and  a  flash  point  of  260°  F  * 

Results  of  pump  tests  on  Fluid  0-1 A  are  given  in  Table  LXIV 
and  V  igures  13  and  19.  The  pump  operated  satisfactorily  on  both  the  new 
and  irradiated  fluids.  Wear  of  the  bronze  creep  plate  bearing  was 
considerably  higher  with  tie1  irradiated  oil.  In  the  2  75°  F  portion  of  the 
run,  wear  on  the  pistons,  which  had  a  bronze  bearing  surface,  was  also 
somewhat  increased.  Considerable  darkening  of  nonload  carrying  surfaces 
of  the  bronze  parts  occurred  during  operation  on  the  irradiated,  oil. 

Corrosion  of  silver  and  copper  specimens  immersed  in  the  reservoir  was  also 
observed  with  irradiated  0-1 A  at  275°  F.  None  of  the  detectable  changes 
affected  the  satisfactor  y  operation  of  the  pumps. 

Results  of  tests  on  CALRESEARCH  216  are  also  shown  in 
Table  LXIV  and  in  Figures  20  and  21.  Again,  the  pumps  operated 
satisfactorily  on  both  original  and  irradiated  fluids.  However,  in  this  case 
irradiation  did  not  increase  wear  of  bronze  parts.  After  the  275°F  run  on 
the  irradiated  oil,  pronounced  blackening  of  the  bronze  surface  was  evident. 

Viscosity  changes  of  the  fluids  are  shown  in  Figure  22.  Both 
Fluid  0-1  A  and  CALRESEARCH  216  were  V.  I.  improved  with  Polybutene  128. 
The  pressure  reduction  in  the  pump  test  system  occurred  by  loading  on  a 
fixed  orifice  followed  by  a  Vickers  pressure  relief  valve.  This  resulted  in 
severe  shearing  conditions.  The  maximum  viscosity  change  noted  in  any 
of  the  tests  was  well  under  10%,  indicating  good  shear  stability  for  the 
fluids.  The  irradiated  oils  increased  slightly  in  viscosity,  during  the  pump 
tests,  presumably  due  to  loss  of  volatile  radiolysis  products. 

These  four  tests  establish  the  operability  of  alkylbenzene  and 
alkyl  diphenyl  ether  fluids  containing  selemde  inhibitors  in  a  currently 
available  hydraulic  pump.  The  successful  results  make  further  tests  in 
lugih  t  temperature  pumps  highly  desirable. 


Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  (California 
Research  1936  Summary  Report  on  Contract  AF  33(6  1  6)- 31  84) 
VVADC  Technical  Report  56-046,  p.  95. 
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RESULTS  OF  Sfc*  AIR  NUKE  KYDSAJLIC  PUMP  TESTS 

HO  DEL  66**500 
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FIG.  18  -  PUMP  PARTS  AFTER  TEST  NY-9 

FLUID  0- I A  PRESSURE  3000  PS  I  SPEED  3450  RPM 
150  HOURS  AT  I6G°F  AND  100  HOURS  AT  275°F 
NEW  YORK  AiR  BRAKE  MODEL  66WA300  PUMP 
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FIG.  19  -  PUMP  PARTS  AFTER  TEST  NY- 10 

FLUID  0-  I A  IRRADIATED  TO  4.4  X  I010  ERGS/ g. 
PRESSURE  3000  Pol  SPEED  3450  RPM 
!50  HOURS  AT  I60°F  AND  100  HOURS  AT  275°F 
NEW  YOP*  A  IP  8RAKE  MODEL  66WA300  PUMP 


FIG.  20  -  PUMP  PARTS  AFTER  TEST  NY- I  I 


FLUID  CALRESE  ARCH  2  1 6  PRE  SSI'RF  3000  PSI  SPEED  3450  RPM 
150  HOURS  AT  .60CF  AND  100  HOURS  AT  27 5°F 
NEW  YORK  AIR  BRAKE  MODEL  66WA300  PU”P 


FIG.  2!  -  PUMP  PARTS  AFTER  TEST  NY- 12 

FLUID  C ALRFSEARCH  2 1 6  IRRADIATED  TO  4.4  X  1C10  ERC 
PRESSURE.  3000  PS  I  SPEED  3450  RPM 
150  HOURS  AT  I6C°F  AND  100  HOURS  AT  275°F 
NEW  YORK  AIR  BRA*f  MODEL  66WAj00  PUMP 
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0  50  100  1  50  200  250 

RUNNING  TIME,  HOURS 

FIG.  22  -  VISCOSITY  CHANGE  OF  HYDRAULIC 
FLUIDS  IN  PUMP  TESTS 
NEW  YORK  AIR  BRAKE  MODEL  66WA  300 
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4.  7  Bulk  Modulus 


4.  7.  1  Isothermal  Bulk  Modulus  of  Hydraulic 
Fluids  in  the  Presence  of  Hydrogen 

The  presence  of  gas,  either  dissolved  or  as  a  second  phase, 
can  have  an  adverse  effect  on  the  performance  of  hydraulic  systems 
The  natural  frequency  and  the  region  of  stable  operation  of  the  system 
are  dependent  on  the  bulk  modulus  of  the  hydraulic  fluid.  As  gas 
evolution  is  one  of  the  characteristic  results  of  exposure  to  nuclear 
radiation  and  this  gas  is  mostly  hydrogen*,  P-V-T  measurements  were 
made  on  mixtures  of  hydrogen  with  hydraulic  fluids.  The  three  fluids 
used,  MIL-0- 5606  (now  MIL- H- 5600 A)  fluid,  Oronite  High  Temperature 
Hydraulic  Fluid  8200,  and  Ci  4.16-alkyl  diphenyl  ether,  were 
representative  of  petroleum,  silicate  ester,  and  alky)  aromatic  fluids, 
respectively. 

As  a  result  of  this  work,  a  paper*1  was  prepared  and  presented 
at  the  Second  WS-125A  Radiation  Effects  Symposium.  It  is  attached  as 
Appendix  X.  Conclusions  reached  are  summarized  as  fellows: 

a.  A  gaseous  phase  causes  a  very  large  reduction  in  bulk 
modulus  even  at  pressures  only  slightly  below  the 
saturation  pressure. 

b.  Dissolved  gas  decreases  bulk  modulus  as  the  quantity  of 
gas  increases,  but  the  effect  is  small  compared  to  that 
caused  by  the  presence  of  a  gas  phase. 

c.  The  degassed  fluids  listed  in  decreasing  order  of  their 
isothermal  bulk  moduli  are  C|^  .  fi-alkyl  diphenyl  ether, 
MIL-0- 5606  fluid,  and  8200  fluid. 

d.  The  order  of  decreasing  solvency  for  hydrogen  is  8200 
fluid,  MIL-0-5606  fluid,  Ci  4 _  1 6 -alkyl  diphenyl  ether. 

e.  Considering  gas  evolution  rate  and  solubility  for  hydrogen, 
the  order  of  decreasing  allowable  radiation  dosage  before 
reaching  the  two-phase  region  is  C^ 4  _  1  (3 -alk  vl  diphenyl 
ether,  8200  fluid,  MIL-0- 5606  fluid. 

f.  The  fluid  in  an  operating  hydraulic  system  should  be  kept 
in  the  single-phase  region  by  an  appropriate  choice  of 
hydraulic  fluid  species,  radiation  dosage,  return  pressure, 
temperature,  and  by  venting  evolved  gases. 


Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  (California 
Research  1956  Summary  Report  on  Contract  AF  33(61  6)-31  84) 

WADC  Technical  Report  56-646,  p.  106. 

^  R.  L.  Peeler  and  H.  S.  Yaplee,  Isothermal  Bulk  Modulus  of 
Hydraulic  Fluid -Hydrogen  Mixtures,'  Proceedings,  Semiannual  125A 
Radiation  Effects,  Vol  II,  Section  10,  Battelle  Memorial  Institute, 
Columbus,  Ohio,  October  23,  1957. 
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Because  of  the  importance  of  the  two-phase  region  in  limiting 
hydraulic  system  performance,  a  comparison  of  measured  and  calculated 
bulk  modulus  was  desirable.  Measured  data  were  taken  from  Appendix  X 
calculations  were  made  from  the  formula  developed  in  Appendix  XI. 

The  comparisons  are  made  in  Figure  23.  Except  for  the  24.  4  gas.  liquid 
ratio  above  3000  psi  agreement  appears  satisfactory.  Therefore,  given 
the  bulk  modulus  of  a  liquid,  the  solubility  of  hydrogen  in  it,  and  the 
hydrogen  liquid  ratio,  the  bulk  modulus  of  a  two-phase  mixture  (at 
equi  librium)  can  be  c  alculated  as  a  function  of  pressure  from  the  data  in 
Appendixes  X  and  XI,  with  an  accuracy  adequate  for  engineering  purposes. 

4.  7.2  Adiabatic  Bulk  Modulus 

The  adiabatic  hulk  modulus  of  several  types  of  hydraulic 
fluids  was  determined  by  the  ultrasonic  velocity  method^,  both  before 
and  after  irradiation  of  the  fluids.  Results  are  shown  in  Table  LXV. 

The  well  known  effect  of  aromaticity  in  increasing  bulk  modulus  is 
evident".  Within  experimental  error,  irradiation  did  not  affect  hulk 
modulus  ■ 

4.8  Results  of  ('pope rat l ve  Tests 

Oromte  High  Temperature  Hydraulic  Fluid  8200  was  chosen 
by  Vickers,  Inc.  ,  as  the*  fluid  component  of  an  operating  hydraulic 
system  for  irradiati  m  in  the  Nuclear  Aircraft  Research  Facility  (NARF),  at 
Convair,  Fort  Wor  th  Results  of  tests  on  fluids  removed  periodically  from  the 
system  during  the1  Systems  Panel  Irradiation  lest  No.  2  (SPIT  No.  2) 
are  shown  in  Table  LXV1. 

Because  the  system  was  operated  before  inserting  into  the 
reactor,  the  viscosity  of  the  fluid  was  reduced  by  shear  breakdown  prior 
to  irradiation.  At  the  relatively  low  radiation  do.se  rate  encountered, 
tiie  point  of  marked  viscosity  increase  due  to  radiation  damage  was  not 
reached.  The  viscosity  of  the  fluid  appeared  to  be  leveling  off  at 
around  8.5  cs  at  2  10°  F.  No  reduction  in  flash  point  was  found,  as 
measured  bv  the  relatively  insensitive  microapparatus. 

Oxidation  stability  at  400°  F  was  not  markedly  affected  by 
the  amount  of  irradiation  received  in  this  test.  Hydrolytic  stability, 
although  a  sensitive  property  of  silicate  base  fluids,  was  affected  only 
slightly  through  300  hours  of  operation.  Both  the  400-  and  500-hour 
samples,  however,  showed  heavy  deposition  of  insolubles. 


R.  L.  Peeler  and  J.  (Ireen.  Measurement  of  Bulk  Modulus  of  Hydraulic 
Fluids,  to  he  presented  at  ASTM  Meeting,  Houston,  February  1  958. 

L.  Bergmann.  Ultrasonics,  John  Wiley  and  Sons,  New  York, 1938. 
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FIG,  23  -  COMPARISON  OP  CALCULATED  AND  EXPERIMENTAL 
VALUES  FOR  TW0-PHA5E  BULK  MODULUS  OF 
HYDROGEN-8200  PLUID  MIXTURES  AT  200CF 
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Fourth  Information  Brcchura  for  Syataaa  Pan* i  T*at  Ho.  ?,  Convalr 


The  hydraulic  system  *  as  reported  to  have  operated 
.satisfactorily  throughout  the  entire  test1  Likewise,  Dr.  R  N.  Miller*- 
of  I,o<  kheed  Aircraft  Company  reported  satisfactory  opera iion  of  a 
hydraulic  system  using  8200  fluid  in  a  gamma  radiation  environment. 
These  results,  in  conjunction  w ith  earlier'  data,  show  that  8200  fluid  can 
be  used  successfully  in  hydraulic  systems  exposed  to  moderate  radiation 
dosages . 

4.  ft  Cone lus ions 


The  conclusions  reached  in  the  hydraulic  fluid  work  covered  * 
in  this  section  are  summarized  as  follows: 


a.  Alkyl  aromatics  and  diphenyl  ethers  have  many  of  the  properties 
required  for  radiation  resistant  hydraulic  fluids.  rlTie  two  materials  of 
greatest  promise  from  this  work  are  C' j  4 _ i  f; *a Iky  1  diphenyl  ether  and  the 
C 1  f j - 1  b -alkylbiphen  vl  (distilled).  The  presence  of  the  long  alkyl  group 
imparts  good  liquid  range  and  viscosity-temperature  properties,  while 
the  aromatic  portion  gives  good  radiation  resistance.  The  usable  range  of 
these  materials  is  from  temperatures  below  0°  F  to  the  upper  thermal 
stability  limit,  which  lies  between  800°  F  and  700®  F. 

h.  The  C 1  4- 1  6 -alkyl  diphenyl  ether  is  preferred  to  the  Ci  6-13- 
alky  lbiphenyl  because  of  its  better  viscosity-temperature  properties  and 
fgood  oxidation  stability  at  5o0°F.  The  pour  point  of  the  diphenyl  ether, 
though  higher  than  tnat  of  the  distilled  biphenyl ,  can  be  dropped  by 
increasing  the  ratio  of  tetradeeyl  to  hexadecvl  groups. 


c.  Inhibitors,  particularly  organic  selemdes,  improve  the  oxidation 
stability  of  both  the  alkvl  aromatics  and  conventional  base  stocks  before 
irradiation.  After  irradiation,  inhibitors  reduce  damage  as  measured  by 
viscosity  change  and  oxidation  stability  at  400°  F  and  500°  F.  The  effect 
decreases  as  the  aromaticity  of  the  base  stock  increases.  However,  inhibitors 
are  still  markedly  beneficial  in  the  alkyl  aromatics  selected  for  use  in 
hydraulic  systems. 


d.  A  finished  hydraulic  fluid,  CALRESEARCH  216,  was  prepared  from 
the  Cl 4  - 16 -alkvl  diphenyl  ether,  Polybutene  128.  bis(tridecvl)  selenide,  and 
dimethyl  silicone.  It  has  excellent  radiation  stability,  withstanding  a 
dosage  of  1  0  x  !0IW  ergs  g  C  with  only  a  slight  viscosity  increase.  Oxidation 
stability  gradually  decreases  upon  irradiation;  but  even  at  the  highest 
dosages,  the  fluid  remains  liquid  after  the  500°  F  oxidation  and  corrosion  tests. 


1  "Fourth  Information  Brochure  for  Systems  Panels  Test  No.  2,  p.  100, 
Convair,  Fort  Worth. 

‘> 

U.  N.  Miller,  The  Effect  of  Radiation  Upon  the  Res|  onse  Characteristics 
of  a  Flight  Control  System,  Second  WS-125.A  Symposium  on  Radiation 
Effects,  Columbus,  Ohio,  October  22,  1057. 

N.  W.  Furby,  "Operation  of  Hydraulic  Pumps  on  Irradiated  Fluids,  First 
125A  Radiation  Effects  Symposium,  22-28  May  1°57,  ANP  Document  No. 

NA  RK -57-1 1)7  .  FZK-i'-fia,  Vol  1. 
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The  use  of  selenide  inhibitor  makes  CALRESEARCH  216 
corrosive  to  metals  at  high  temperatures.  Neither  the  inhibitor  nor 
the  V.I.  improver  is  as  thermally  stable  as  the  diphenyl  ether  base 
stock.  Thus,  the  resulting  blend  has  reduced  stability.  Raising  the 
temperature  of  irradiation  to  400°  F  causes  a  greater  viscosity  change 
in  the  blended  fluid  but  not  in  the  base  stock. 

e.  The  allowable  radiation  dosage  for  8200  fluid  is  about  1  0 1  l'1 
ergs/g  C.  The  addition  of  aromatic  additives  to  8200  fluid  markedly 
increases  radiation  stability  The  aromatics  tested  have  an  adverse  effect 
on  the  physical  properties  of  the  blend  . 

f.  Naphthenic  white  oil,  even  with  inhibitors,  is  unattractive 
as  a  possible  hydraulic  fluid  base  stock  from  the  standpoint  of  viscosity- 
temperature  properties,  500°  F  oxidation  stability,  and  radiation  stability. 

g.  liCON  DLB  144E  has  good  radiation  stability  for  an  aliphatic 
material.  Ln  high  temperature  oxidation  tests,  solidification  does  not 
occur.  However,  thermal  stability,  particularly  after  irradiation,  is 
unacceptable  for  a  high  temperature  hydraulic  fluid. 

h.  Bulk  modulus  of  hydraulic  fluid-hydrogen  mixtures  decreases 
radically  when  any  gas  phase  is  present.  This  emphasizes  the  necessity 
of  maintaining  a  single-phase  system  in  an  operating  hydraulic  system. 

4.  10  Recommendations 


In  future  work  emphasis  should  be  continued  on  alkyl  aromatics 
and  diphenyl  ethers  as  offering  the  best  hope  of  combining  the  physic  al 
properties  and  stability  required  of  a  high  temperature  radiation  resistant 
hydraulic  fluid.  For  extreme  high  temperature  use,  unthickened  base  stocks 
and  inhibitors  more  stable  than  the  dialk  vl  selemdes  should  be  considered. 

For  lower  temperature  use,  lower  viscosity  base  stocks,  e.  g.  ,  alkylbenzenes , 
combined  with  V.I.  improvers  and  inhibitors  offer  the  optimum  combination  of 
properties . 


Although  the  dialkyl  selemdes  are  effective  oxidation  and 
radiation  damage  inhibitors,  their  corrosivity  and  thermal  instability  at 
hi  igh  temperatures  make  their  replacement  by  more  stable  additives 
desirable.  Study  of  suitable  substitutes,  including  possible  combinations 
of  low  temperature  and  high  temperature  inhibitors,  should  be  carried  out. 
Likewise,  the  thermal  and  radiation  instability  of  Polybutene  128  is  one  of 
the  major  limitations  of  CALRESEARCH  216.  More  stable  additives,  e.  g.  , 
A  FA  MS  (page  40),  should  be  evaluated.  The  effect  of  high  temperatures 
during  irradiation  in  accelerating  damage  should  be  investigated  further, 
Both  with  base  stocks  and  polymers.  Likewise,  the  study  of  the  effec  t  of 
irradiation  on  thermal  stability  should  be  continued. 


Work  now  in  progress  on  Contr  act  No.  Al-  38(61  6) -3476  has  developed 
several  aromatic  materials  which  may  have  a  less  severe  effect  on 
properties  of  the  blend. 
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Several  blends  of  aromatic  materials  with  8200  fluid  should 
be  evaluated  further  to  determine  the  improvement  in  allowable 
radiation  dosage  that  can  be  obtained.  This  appears  to  be  the  only 
approach  likely  to  give  a  -65° F  radiation  resistant  hydraulic  fluid. 

No  further  work  on  naphthenic  white  oil,  UCON  DLB  144E, 
or  other  aliphatic  materials  is  desirable. 
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5  E  NG I N  E  OI IJS  ( M .  A  Pi  no  > 


5  1  Introduction 


The  objective  of  this  research  was  to  develop  a  high  temperature 
lubricant  for  use  in  gas  turbine  engines  in  a  nuclear  environment  'Ihe 
pattern  specification  was  MIL-L-9236  wnich  r (‘presented  the  most  advanced 
nonnuclear  requirement  for  this  use.  During  1957  the  development  progressed 
along  several  lines.  The  evaluation  of  various  base  stocks  with  and  without 
inhibitors  both  before  and  after  irradiation  comprised  a  substantial  portion 
of  the  program.  Formulation  to  achieve  desired  properties  was  carried  out 
after  a  suitable  base  stock  was  selected.  Some  effort  was  devoted  to 
sc  reening  additi ves  for  application  in  the  formulation  studies.  The 
development  and  evaluation  of  appropriate  test  methods  progressed  ha  no  in 
hand  with  this  engine  oil  research. 

5.  2  Viscosity  Changes  of  Various  Irradiated 
Base  Stocks  and  Effect  of  Inhibitors 

Change  in  viscosity  is  a  good  over-all  index  of  radiation  damage, 
although  changes  in  properties  other  than  viscosity,  in  some  cases,  may  be  of 
greater  functional  importance.  Figure  24  shows  the  effects  of  irradiation  to 
8.  7  x  10  10  ergs/g  C  on  the  viscosity  at  1 00°  F  of  various  inhibited  and 
uninhibited  base  stocks.  To  insure  a  valid  comparison  of  viscosities,  all 
data  of  Figure  24  were  obtained  on  000-rnl  samples  which  were  irradiated 
in  identic  al,  square  containers  vented  to  the  air  at  the  MTK  (see  page  4). 

In  a  few  cases  where  data  at  8.  7  x  10l()  ergs  g  C  were  not  available,  the 
viscosities  were  obtained  by  extrapolation  of  data  at  lower  dosages? 

The  inhibited  samples  of  Cj  j  g-alkylbiphenyl  (distilled)  underwent 
the  least  change  in  viscosity.  The  selenide  was  superior  to  DBPC  (di-tert- 
butyl  para  -cr esol)  as  a  radiation  damage  inhibitor  at  2%  concentration  for  this 
and  most  of  the  other  base  stocks.  For  inhibited  C  j  j  g-alkylbiphenyl,  the 
bottoms  product  showed  a  somewhat  greater  viscosity  increase  than  did  the 
distilled  product.  The  increases  in  viscosity  of  these  irradiated  base  stocks 
when  uninhibited  were  from  20%  to  100%  greater  than  when  inhibited. 

Tetradecvl  diphenyl  ether  had  the  least  viscosPv  increase  of  the 
uninhibited  materials.  It  appears  doubtful  that  the  radiation  stability  of  this 
material  can  be  improved  further  through  the  use  of  inhibitors  because  the 
stability  of  the  related  material,  C  ]  4  .  \  c> -alkyl  diphenyl  ether,  was  not  improved 
by  either  didodecyl  selenide  or  DBPC. 

The  inhibited  diesters,  di(2 -ethylhexvl)  sebacate  and  diisooctyl 
terephthalate,  suffered  viscosity  increases  three  to  four  times  greater 
than  those  for  inh ibited  C  j  |  g -alkylbiphenyl  (distilled).  Inhibited  diisooctyl 
azelate  was  even  worse  with  a  385%  increase  in  viscosity. 

^  Log  viscosity  vs  dosage  plots  were  used.  Such  plots  are  very  nearly  straight 
lines  to  dosages  beyond  8.  7  x  10^  ergs/g  C  (J.  G.  Carroll,  Organic  Selenides 
and  Coking  of  Gas  Turbine  Oils,  "  First  Semiannual  12  >A  Radiation  Effects 
Symposium,  Convair  ANPDor  No.  NARF-57-1  97,  FZK-9-11B,  Voll) 
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1  he  beneficial  effec  t  of  inhibitors  was  ni  os t  marked  in  Un¬ 
cases  of  base  stocKs  which  in  neat  form  had  the  poorest  radiation  stability 
For  example,  the  viscosity  increase  with  uninhibited  naphthenic-  white 
oil  was  seven  times  that  with  naphthenic  white  oil  containing  didodecyl 
selemde.  Similar  results  were  obtained  on  !’( 'ON  PLB  14-1  lo 

These  data  show  ttmt  inhibitors,  particularh  didodecyl 
selemde,  can  be  effective  in  reducing  r'adiation  damage  as  indicated  by 
viscosity  change  This  applies  to  static  exposures  m  the  presence  if 
air  (undegassed  samples  vented  to  air  through  about  20  feet  of  tut  mg) 

5,  3  Evaluation  of  Various  Base  Stocks 

t.3,  1  A tky  1  Diphenyl  Ethers 

Tin*  properties  of  C  j  ^ -alkyl  diphenyl  ether  with  and  without 
inhibitors  and  before  and  after  irradiation  are  shown  in  1  ible  LX VII. 

The  outstanding  property  of  this  neat  fluid  before  irradiation  was  its  oxidation 
stability  It  consistently  survived  the  oxidation -corrosion  test  at  500°  F  with 
an  increase  in  viscosity  at  1  00°  F  of  about  200%.  Most  of  the  other  base 
stocks  either  solidified  or  showed  much  greater  viscosity  increases  m  this 
severe  test.  .Although  oxidation  inhibit  >rs  were  of  questionable  value  f  >r 
this  material  in  the  oxidation -corrosion  tests,  coll  >ida!  graphite  appeared 
to  he  beneficial  in  reducing  viscosity  increase.  It  is  possible  that  this  was 
caused  by  a  compensating  dew  tease  in  viscosity  as  some  >f  the  graphite 
settled  out.  Of  special  mterei-t  was  the  apparent  synergistic  effect  >f  dark 
ul- soluble  dyes  on  the  effet  tiveness  of  conventional  inhibitors  (see  Se<  tion  5.  4) 

Viscosit}  inde*  and  pour  point  values  for  C  j  4 .  1  - alkyl  diphenyl 
ether  were  lib  and  -25°  F,  respectively.  A  considerable  lowering  of  the 
pour  point  is  possible  through  the  use  of  only  the  Cj  4  component  of  the  base 
stock.  As  shown  in  Table  LXVII1,  the  pour  point  of  tetradecyl  diphenyl  ether 
was  about  -  70°  F. 

Two  weaknesses  of  the  alkyl  diphenyl  ethers  for  gas  turbine 
fluid  use  are  (a)  high  coking  (about  500  mg  at  700°  F  m  Model  C  Panel 
Coker)  and  (b)  relatively  low  lubricity  (  Mean  Hert?.  Load  value  of  about  13, 
see  Appendix  I)  Both  properties  can  he  improved  with  appropriate 
additives  (see  Section  5.4). 

The  properties  of  12  irradiated  samples  are  included  in  Table 
LXVII.  The  most  notable  effects  of  irradiation  on  properties  other  than 
viscosity  were  the  lower  coke  formation  and  the  poorer  foam  characteristics. 
The  former  may  be  due  to  formation  of  high  boiling  substances  which  are  good 
solvents  for  the  coke  formed  in  the  test.  These  properties  will  he  discussed 
later  (see  Section  5.  .) 
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HZ}*'-'  *£.  of  !  rradiated  .a*p>9 


,  Viditive 


LUBRICANTS  BASED  on  TVTRADECYL  DTPHgKYL  FTHre 

r 


^  Radi  at*  on  n  *°  erga/g  c 

-  Via  ocs!  tv.  .-a,  * f 

4  0C 
?10 
:  cxi 

o 

-40 

,  Po-r  Point.  *p 
.  Pliah  Point  CX  ,  '  p 
^_3por.  taneuua  Unit  lor  ^Wrat,Jf> 
^Vdpontlor..  6-1/?  h-.urs,  < 

At  RO 0*P 

_CCjhjd  a  1 1  o n  -C r'  r*  rn  q  * 


''ample  ij!2e<  mI 

Time,  Hours 

Air  Rate,  llters/hcur 

Temperature,  *p 

^l«ht  Change,  mg/,»t 

t»~C  u 
Cu 

*« 

Pe 

A1 

*8 

Vis  cos’  ty  Change,  * 

10O“P 

21C*P 

Neutral  l  tat  Ion  Number  Change 
Insolu  ,  <r  *t  # 


Jr*..  Hertz  lord  Screening  Teat),  gg 


Htcrc  Wet  hod. 


fa"‘  *  '  r'K  V  mg>  ln  four-hour  test  at  700*P. 

J  3  imp  J  r  ’  wartpH  -I  ,  , 

vented  *lu*inu.  container;  HTR  Canal  Source. 
Pr^obably  erroneous. 
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The  superior  oxidation  resistance  of  the  alkvl  diphenyl  ethers 
was  apparently  maintained  even  after  irradiation.  The  inhibited  sarnoles 
had  smaller  viscosity  increases  in  the  oxidation-corrosion  tests  than  the 
uninhibited  samples,  but  the  poor  repeatability  of  these  tests,  especially 
at  300®  F,  makes  difficult  the  evaluation  of  inhibitors.  Most  of  the  other 
properties  0*.  g.  ,  evaporation,  flash  and  pour  points,  wear,  etc.  )  of 
C 14- if, -»lkyl  diphenyl  ether  were  not  affected  appreciably  by  irradiation 
to  dosages  as  high  as  8,7  x  10*  ^  ergs/g  C. 

The  data  on  C  \  4 . 1  fj -alkyl  diphenyl  ether  containing  2% 
colloidal  graphite  should  be  noted.  The  radiation  dosage  on  this  blend 
was  about  0.6  x  10^,J  ergs  g  C.  Viscosity  at  1 00°  F  and  2  1  0°  F  decreased 
slightly  due  to  irradiation.  As  with  the  oxidat ion -cor rosi on  tests,  this 
reversal  of  the  usual  increase  in  viscosity  may  be  due  to  settling  of  some 
of  the  graphite.  The  results  of  the  oxidation-corrosion  tests  on  the 
irradiated  graphite-containing  sample  are  difficult  to  assess  owing  to  the 
poor  repeatability. 

Oxidation-corrosion  tests  at  400°  F  on  tetradeeyl  diphenyl  ether 
(Table  LXVQI)  arc;  also  questionable,  as  the  viscosity  of  the  irradiated  sample 
changed  appreciably  less  tiian  that  of  the  unirradiated  sample.  A  scarcity 
of  this  material  precluded  a  recheck  of  these  results.  The  high  viscosity 
changes  on  the  unirrachated  sample  are  believed  to  be  erroneous  as  this 
material  should  be  very  similar  to  the  C 1 4 -  1 6 -alkyl  diphenyl  ether  with 
respect  to  oxidation  stability. 

5.  3.2  C ip _  1 3- Alkylbiphenyl 


The  properties  of  inhibited  and  uninhibited  Cj  j  g -alkylbiphenyl 
(distilled)  and  C\ 6- 1 3 -alkylbiphenyl  (bottoms)  are  given  in  Tables  LXIX  and 
LXX,  respectively.  Data  on  irradiated  and  unirradiated  samples  are 
included. 


The  unirradiated,  distilled  alkylbiphenyl  had  a  pour  point  of 
-fit  0  F,  but  its  low  temperature  viscosities  were  appreciably  higher  than  the 
corresponding  ones  for  tetradeeyl  diphenyl  ether.  Stability  was  fair  in 
oxidation-corrosion  tests,  the  increase  in  viscosity  at  100°F  was  about  50% 
for  the  400°  F  test  and  about  200%  for  the  500°  F  test.  The  Panel  Coke  Test 
gave  high  values  (ca  1000  mg),  while  Mean  Hertz  Load  values  were  unusually 
low  (less  than  10). 

A  higher  pour  point  and  poorer  oxidation  stability  wore  displayed 
by  the  unirradiated  bottoms  product,  but  these  were  offset  by  a  higher 
Mean  Hertz  Load  of  about  15  and  a  lower  coke  formation  of  around  600  rrg. 
Uidodecyl  selenide  or  DBPC  in  either  the  distilled  or  bottoms  product  reduced 
coke  formation  but  did  not  have  much  effect  on  oxidation  stability  before 
irradiation. 
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Although  these  base  stocks  showed  unusually  small  viscosity 
changes  upon  irradiation,  especially  wiien  inhibited,  other  properties  did 
i  h  age  appreciably  Coking  was  greatly  reduced,  and  a  small  improvement 
i  r  i  tubric  ity  occ  urred  in  both  materials  The  distilled  Cjq.  \  g-alkvlbiphenyl 
became  less  stable  toward  oxidation,  several  samples,  both  inhibited  and 
uninhibited,  solidified  in  the  oxidation-corrosion  test  at  500°F.  By  contrast, 
the  oxidation  stability  of  the  bottoms  product  seemed  to  benefit  through 
tr~  radiation  The  viscosity  changes  of  the  irradiated  samples  were  appreciably 
less  than  those  of  the  unirradiated  samples  in  the  oxidation-corrosion  test 
at  50  0°F  Didodecyl  selenide  appeared  to  benefit  the  irradiated  C i  6-18“ 
a  Iky  [biphenyl  (bottoms)  in  this  test.  The  poor  repeatability  of  the  oxidation  - 
r  irrosion  tests  makes  doubtful  the  value  of  inhibitors  to  the  irradiated 
distilled  product. 

5.3.3  I )  i  l  s  ooctyl  Terepht  ha  late 

Table  LXXi  shows  the  properties  of  diisooctyl  terephthalate 
with  and  without  inhibitors.  The  neat  ester  had  good  low  temperature 
pt'opf*  rties ,  its  pour  point  l>eing  about  -65°F.  Lubricity,  as  indicated  by 
cither  the  Four-Ball  Wear  rI\  st  or  the  Mean  Hertz  Load,  was  somewhat  poorer 
than  desired  Less  than  1  rum  wear  (see  footnote  page  77)  or  a  value  of  at 
least  30  (see  Appendix  I)  are  the  goais  in  these  two  tests,  respectively 
Brine  1  coking  at  700°  F  was  about  500  mg, and  oxidation  stability,  especially 
in  th»*  oxidation-corrosion  test  at  500°  F,  was  quite  poor.  The  use  of 
didodecyl  selenide  improved  stability  in  the  oxidation -corros ion  test  at 
4(Mi0K,  hut  not  at  500°  F.  The  selenide  reduced  coking  very  markedly. 

Other  inhibitors  did  not  appear  to  be  beneficial  with  respect  to  oxidation 
stability,  and  some,  such  as  DBPC,  were  deleterious  with  respect  to 
cc>  km  g. 


The  effects  of  irradiation  on  the  viscosity  of  diisooctyl 
terephthalate  with  and  without  inhibitors  were  noted  in  Section  5.2 
(page  147).  The  effect  of  irradiation  on  oxidation  stability  is  difficult  to 
as  scss.as  all  but  two  of  the  oxidation-corrosion  tests  at  500°  F  resulted  in 
solidification  of  the  ester.  In  the  two  exceptions,  a  malfunction  of  the 
apparatus  is  suspected. 

Of  interest  was  the  substantial  reduction  in  coking  brought  about 
by  irradiation  of  both  inhibited  and  uninhibited  diisooctyl  terephthalate.  As 
little  as  0,87  x  1()1^  ergs/g  C  sufficed  to  effect,  this  reduction.  As  with  other 
ba  stocks,  foaming  increased  greatly  after  irradiation,  whether  or  not 
silicone  antifoarn  was  present  originally. 

a.3.  4  Naphthenic  White  Oil 

A  naphthenic  petroleum  white  oil  was  tested  fairly  extensively 
as  a  reference  material.  Its  high  degree  of  refinement  assured  maximum 
response  for  a  petroleum  fraction  to  oxidation  inhibitors.  Results  appear 
in  Table  LXXII.  In  cornpans  >n  with  some  of  the  synthetic  base  stocks, 
naphthenic  white  oil  was  not  promising  as  a  base  stock  for  engine  oils. 
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It  possessed  mediocre  viscos ity -temperature  and  low  temperature 
properties.  Evaporation  at  400°  F  SOD  lead  corrosion  and  panel  coking  at 
700°  F  were  high  Oxidation  stability  of  the  uninhibited  oil  was  poor  as 
indicated  by  formation  of  tar  in  the  oxidation- cor rosion  test  at  400°  F.  At 
500°  F  all  white  oil  samples  solidified  in  this  test. 

Inhibitors  were  quite  effective  at  400°  F  but  had  virtually  no 
effect  at  500°  F  in  the  oxidation- corrosion  tests.  Coking  was  not  reduced 
through  tiie  use  of  inhibitors.  Aside  from  the  viscosity  rhanges  llreadv 
dis<  ussed,  irradiation  appeared  to  tie  beneficial  with  respect  to  oxidation 
stability  at  400°  F  and  coking  at  700°  F. 

5.3.5  UCON  DLR  1  44E 


This  polyglycol  also  served  as  a  reference  material  The 
properties  of  inhibited  and  uninhibited  base  stock  appear  in  Table  LXXIII. 

The  very  high  evaporat  ion  of  the  uninmbited  and  unirradiated  UCON  DLB  14  4E 
at  400°  F  is  typical  of  a  polyglycol.  It  is  attributable  for  the  most  part  to 
oxidative  breakdown  to  lower  molecular  weight  materials.  Probably 
related  to  this  effect  were  the  negative  changes  in  viscosity  in  the 
oxidation -cor  rosion  tests . 

A  good  Mean  Hertz  Load  value  of  about  24  was  obtained  for  the 
neat  base  stock.  The  low  temperature  properties  (pour  point  =  -65°  F)  were 
also  good.  Diriodecyl  selemde  had  the  effect  of  reducing  evaporation  at 
400°  F  markedly  and  of  reducing  the  viscosity  change  in  the  oxidation- 
corrosion  tests. 

Although  the  viscosity  changes  in  UCON  DLB  144E  due  to 
irradiation  were  quite  large  (see  Figure  24),  this  base  stock  when  inhibited 
with  didodecyl  selemde  retained  most  of  its  oxidation  stability  after 
irradiation.  This  seemed  to  apply  even  in  the  severe  oxidation-corrosion 
test  at  500°  F,  although  data  were  limited. 

5.  3.  6  Aliphatic  Diesters 

Test  results  on  di(2 -ethylhexyl)  azelate,  diisooctyl  azelate, 
and  di(2-ethylhexyl)  sebacate  are  given  in  Tables  LXXIV,  LXXV,  and 
LXXVI.  All  these  diesters  had  original  pour  points  below  -60°  F. 

Surprising  differences  were  found  in  the  coking  levels  and 
oxidation  stabilities  of  diisooctyl  azelate  and  di(2 -ethylhexyl)  azelate.  The 
latter  was  far  superior  in  these  two  respects.  Didodecyl  selemde  effected 
a  marked  improvement  in  the  oxidation  stability  and  a  large  reduction  in 
coking  for  diisooctyl  azelate.  On  the  other  hand,  the  coking  value  was 
higher  for  the  di < 2 -ethylhexyl)  sebacate  with  5%  didodecyl  seienide  than  it 
was  for  the  neat  ester.  Also,  the  viscosity  increase  in  the  oxidation- 
corrosion  test  at  500°  F  was  higher  for  the  sebacate  with  2%  seienide  than 
for  the  ester  without  inhibitor. 

Although  these  ester  based  fluids  suffered  relatively  large 
viscosity  increases  during  irradiation,  coking  remained  unchanged  or  was 
reduced. 
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TABLE  LXXIV 


LUBRICANTS  BASED  ON  PI 2-ETHYLKEXYL.  AZELAVE 


Sample  No.  of  Irradiated  staples) 

5040-50 

5040-22 

Addlt 1 ve 

_  None 

Radiation  Dosage ,  1010  ergs/g  C 

0 

0.87* 

8.80* 

Viscosity,  os,  *F 

*00 

0.933 

(b) 

(b) 

210 

3.00 

3. *7 

l8. 3 

10O 

11.2 

13.9 

135 

0 

160 

235 

T45C 

-*0 

1170 

1920 

- 

Four  Point .  *P 

«  -60 

<  -60 

x  -6o 

Flash  Point  ■  COC  ) .  *F 

*25 

*05c 

27  5C 

Spontaneous  Ignition  Teaperature.  *F 

760 

7*0 

760 

Foaming 

Sequence  1,  foaa  height,  ml 

30 

670 

collapse  tlae,  ain 

4 

30 

Sequence  2,  foaa  height,  al 

25 

6ro 

collapse  tlae,  ain 

0.6 

5 

Sequence  3,  foam  height,  al 

30 

770 

collapse  tlae,  ain 

2.3 

20 

Evaporation.  6-i/2  Hours,  % 

At  400*F 

32.6 

30.1 

Panel  Coking,  ag  at 

700* F,  K-Hour  Teat 

20*1 

8^ 

21* 

Oxidation -Corrosion 

Sample  Site,  ml 

25 

25 

25 

Tlae ,  Hours 

48 

48 

48 

Air  Rate,  Utera/hour 

1-1/* 

1-1/* 

1-1/* 

Teaperature,  *F 

500 

500 

500 

Weight  Change,  ag/oa* 

Be-Cu 

-0.2? 

♦  0.17 

0.0 

Cu 

-1.22 

-0.58 

-0.07 

A* 

-0.16 

♦  0.10 

-0.04 

Fe 

-0.06 

-l  .61 

-6.4 

Al 

0.0 

-1.16 

-0.04 

Viscosity  Change,  < 

10O*F 

♦213 

solid 

♦  3*40 

21 0*F 

♦  123 

solid 

♦  1047 

Neutral  1  as t Ion  Number  Change 

.  2*.  6 

• 

Insolubles,  t  Wt 

*.*1 

21 .6 

0.4 

Mean  Herts  Load  (Screening  Teet).  kg 

-19 

~16 

_ 

-21 

*  600-«1  Sample  In  vented  alualnua  container ;  NTH  Canal  Source. 
b  Bolli  at  *14*F. 

Ml  cru  Method. 


Four-hour  teet. 
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5.  4  Formulations 


Two  promising  base  stocks  applicable  to  the  engine  oil 
development  were  the  C  i  4.  j  q -a  Iky  1  diphenyl  ether  nnd  the  Cif,.]g- 
alk  vlbiphenyl.  The  former  possessed  higher  stability  toward  oxidation 
even  after  irradiation,  while  the  latter  had  the  better-  resistance  to 
viscosity  changes  due  to  irradiation.  The  diphenyl  ether  was  judged 
to  have  a  superior  combination  of  properties  and  was,  therefore,  selected 
as  the  principal  base  stock  for  formulation  studies. 

The  effects  of  compounding  on  the  properties  of  Cu-n;- 
alkyl  diphenvl  ether  are  shown  in  Table  LX XV II.  None  of  the  samples  in  the 
table  was  irradiated.  A  comparison  of  Sample  1  with  Sample  2  shows  that 
2%  didodecyl  selenide  reduced  coking  more  than  50%  and  reduced  somewhat 
the  viscosity  change  in  the  500°  b  oxidation -cor rosion  test. 

A  much  greater  reduction  in  coking  was  achieved  through  the  use 
of  certain  high  boiling  materials  as  blending  agents.  Table  LXXV1I1  shows  the 
effects  on  coking  of  a  numbei  of  such  blending  agents.  The  California  (solvent 
refined)  bright  stock  gave  consistently  low  values.  The  results  of  tests  with 
various  amounts  of  bright  stock  are  shown  in  Table  LXXVIII  and  plotted  in 
Figure  25. 


The  combination  of  2%  didodecyl  selenide  and  15%  bright  stock 
in  Sample  4  (Table  LXXVII)  produced  an  even  lower  coke  value  than  the 
2o%  bright  stock  in  Sample  3.  In  Sample  5,  a  5%  concentration  of  tricresyl 
phosphate  was  tried  in  order  to  improve  lubricity.  This  raised  the  Mean  Hertz 
Load  value  to  over  20,  but  it  also  increased  coking  at  700°  F  and  the  viscosity 
change  in  the  oxidation-corrosion  test  at  400°  F.  In  Sample  6,  a  3%  concentration 
of  tricresyl  phosphate  improved  lubricity  to  the  equivalent  of  that  of  Sample  5, 
and  the  deleterious  effects  were  proportionately  less. 

The  inhibiting  effects  of  colloidal  graphite  are  shown  in  the 
oxidation-corrosion  tests  on  Samples  7  and  8.  The  viscosity  changes  in  these 
samples  were  aopreciably  less  than  the  corresponding  ones  in  Samples  1  and  2. 
(Toni panson  of  Samples  9  and  11  indicates  that  even  a  0.  2%  concentration  of 
graphite  had  some  inhibiting  effect  in  the  500°  F  oxidation-corrosion  test. 
Unfortunately,  the  antioxidant  effects  of  colloidal  graphite  were  more  than 
offset  by  the  large  increase  in  coking  which  it  promotes  (Samples  7  and  10). 

Dark  oil-soluble  dyes,  e.  g,  ,  Petrol  Black  A,  showed  a 
substantial  synergistic  effect  on  the  oxidation-inhibiting  properties  of 
dialkyl  selenides.  This  can  be  seen  in  the  low  viscosity  changes  in  the 
4  <90°  F  oxidation -cor  rosion  tests  for  Samples  14  and  15  in  Table  LXXVII. 

T~hc  effect  of  Petrol  Black  A  was  very  small  in  complex  blends  such  as 
Samples  12  and  13.  It  is  possible  that  the  tricresyl  phosphate,  the  most 
reactive  ingredient  iri  these  blends,  had  a  deactivating  effect  on  the  dye  and 
that  substitution  of  another  extreme  pressure  agent  for  tricresyl  phosphate 
w  ould  restore  this  desirable  synergism.  Results  of  Dornte  oxidation  tests  on 
formulations  containing  tricresyl  phosphate  are  shown  in  Table  LXXIX.  The 
samples  containing  the  dye  had  only  a  small  advantage  over  the  sample  without 
th  e  dye . 
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FIG.  26  -  COKE  FORMATION  OF  VARIOUS  BLENDS 
C 16- 18-ALKYL  DIPHENYL  ETHER  AND  RPM  210  BRIGHT  STOCK 

WITHOUT  RADIATION 

(4  HOUR  TEST  AT  700°F  TEST  IN  MODEL  C  PANEL  COIEN) 
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Table  LX XIX 


Inhibiting  Effect  of  Petrol  Black  A  m 
For  mu  la  t  i  on  s  Coma  ining  Tncresw  _Ph  o sp  h  ate 


l  llend  No. 

1 

2 

2 

CT on  '.position 

C  1  4-  1 Alkyl  Diphenyl  Ether 

81.0 

81.7 

81  7 

21  0  Bright  Stock 

1  5 

1  5 

1  3 

Didodecyl  Selenide 

2 

') 

*- 

I)BI5C 

‘) 

Tricresyl  Phosphate 

1 

1 

1 

(10,000  Vis  Silicone  (1%  in  kerosene) 

0. 1 

0.  1 

0.  1 

Petrol  Black  A 

0. 2 

0.  2 

Donate  Oxidation  Test 

3a  rnp le  Size ,  g 

2  3 

23 

2  3 

Catalyst 

None 

None 

None 

Temperature,  0  F 

400 

400 

400 

Time  to  Absorb  1 00 n  ml  Q(,  hours 

4  9 

3.  3 

3.  7 

The  properties  of  some  formulations,  based  on  Cj  4  _  i  (; -alk  yl 
diphenyl  ether,  before  and  after  irradiation  are  shown  in  Table  LXXX. 

F*  lends  1  and  2  were  the  same  except  for  the  concentration  of  tricresyl 
piiosphate.  Of  interest  is  'ho  large  increase  in  coking  caused  by  a 
relatively  low  radiation  dosage  of  1  .  77  x  10’0  ergs,  g  C.  The  increase  was 
gr'eater  in  Blend  1  which  contained  the  larger  concentration  of  tricresyl 
phosphate.  As  the  dosage  became  greater,  coking  decreased  from  the 
initial  maximum.  A  corresponding  rise  and  fall  was  found  in  the  Mean  Hertz 
Load  values.  This  may  indicate  a  change  in  the  tricresyl  phosphate  due  to 
irradiation  and  suggests  that  (a)  omission  of  the  phosphate  from  a 
formulation  would  yield  a  more  radiation-stable  fluid,  (b)  the  phosphate 
contributes  to  coking  of  irradiated  fluids. 

The  percentage  changes  in  viscosity  due  to  irradiation  in 
Blends  1  and  2  were  of  the  same  order  of  magnitude  as  for  the  neat 
Cl  4-1  G-alkyl  diphenyl  ether  base  stock.  Viscosity  changes  in  the  oxidation 
corrosion  test  at  400°  F  appeared  to  go  through  a  maximum  at  about  1  .  77  x  1  n  1 
ergs  g  C  and  througfi  a  minimum  at  about  5.  4o  x  1()1^  ergs/g  C. 
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The  use  of  the  relatively  large  concentration  (0  1%)  of 
silicone  antifoam  agent  failed  to  achieve  the  desired  foam  suppression 
after  irradiation.  Several  solid  globules,  believed  to  be  crosslinked 
silicone  polymer,  were  found  in  the  irradiated  samples. 

A  comparison  of  the  radiation-induced  viscosity  changes  in 
Blends  1  and  3  shows  the  beneficial  effect  of  colloidal  graphite  in  reducing 
radiation  damage.  Percentagewise,  the  changes  in  Blend  3,  which 
contained  2%  graphite,  were  about  half  as  great  as  those  in  Blend  1 
However,  the  res  llts  in  the  400°  F  oxidation-corrosion  test  were  poorer. 

In  Blend  4  of  Table  LXXX,  Kendex  0834,  a  propane-precipitated 
resin  from  Pennsylvania  residuum,  was  substituted  for  bright  stock  as  an 
anticoke  agent.  Initially,  the  Kendex  0834  was  less  effective  than  the 
bright  stock  in  suppressing  coke  formation  in  the  panel  coke  test  pt  700°  F. 
After  irradiation,  however,  it  appeared  to  be  equal  to  or  better  than  the 
bright  stock  in  this  respect.  The  percentage  changes  in  viscosity  upon 
irradiation  and  the  stability  to  oxidation  were  worse  for  the  Kendex  0834 
blend  than  for  the  corresponding  Blend  ?  containing  bright  stock. 

Blend  b  in  Table  LXXX  was  the  most  promising  engine  oil 
formulation  to  emerge  from  the  work.  It  was  designated  CALRESEARCH  230 
and  was  recommended  to  WADC  for  testing  in  a  J-57  engine.  (Available 
data  on  CALRESEARCH  2  30  are  in  Table  III,  page  viii.)  The  results  of  bench 
tests  on  this  formulation  without  irradiation  were  satisfactory  for  the  most 
part.  Particularly  good  was  the  low  value  of  0.67  obtained  in  the  WADC  Model 
F  Deposition  Tests.  Postirradiation  properties  should  be  somewhat  better 
than  those  for  Blend  2  inasmuch  as  a  lower  concentration  of  tricresyl 
phosphate  was  used  in  Blend  3. 

A  relatively  small  amount  of  formulation  work  was  done  with 
Ease  stocks  other  than  C|  4.  i  g-alkyl  diphenyl  ether.  Table  LXXX1 
presents  properties  of  various  unirradiated  base  stocks  blended  with 
California  (solvent  refined)  210  Bright  Stock  and  bis(tridecyl)  selenide. 
.Available  data  on  the  base  stocks  inhibited  with  didodecyl  selenide  are 
included  for  comparison.  The  beneficial  effects  of  the  bright  stock  in 
reducing  coking  appeared  to  be  applicable  to  all  these  base  materials,  but 
the  effect  on  the  biphenyl  bottoms  was  less  than  that  on  the  distilled  product. 
'The  bright  stock  caused  much  greater  viscosity  changes  in  the  oxidation- 
corrosion  tests  at  400°  F  than  were  obtained  with  the  base  stock -selenide 
to  lends. 


Blend  6  in  Table  1JCXX  is  a  formulation  based  on  Cig.jg- 
alky  lbiphenyl.  Comparison  of  the  viscosity  changes  after  irradiation  for 
this  blend  with  those  for  Blend  2  in  the  same  table  shows  that  the  higher 
radiation  stability  of  the  alkylbiphenyi  carries  over  into  its  blends. 
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5.5  Results  of  C'oo;) er alive  T e s t s 

Sixteen  samples  of  van  ms  base  stocks,  mhibi  ed  and 
uninhibited,  were  tested  in  oxidation  corrosion  tests  at  500°  F  both  at 
the  Materials  Laboratory,  WADC,  and  at  California  Research  Corporation. 
The  results  appear  m  Table  LXXX1I  Except  in  one  or  two  cases  the 
agreement  was  very  poor-  both  with  respect  to  fluid  properties  after  the 
test  and  'a  ah  respect  to  weight  changes  in  the  metal  spec  miens.  The 
comparison  of  results  emphasizes  the  need  for  caution  m  reaching 
conclusions  on  the  basis  of  oxidation- corrosion  tests  at  500°  F. 

Five  samples  (GTO-582  thi  iugh  580)  were  s*mt  to  Southwest 
Hesearch  Institute  for  Micro  Ryder  Gear  Tests.  The  results  are  given 
in  Tal.de  LXXXiU  together  with  available  Mean  Hertz  Load  (st  reemng  test) 
data 


Table  MXXXIll 

Micro  Ryder  Gear  Loading  Tests  on  Exploratory  Blends 


f  GTO  No. 

582 

58  3 

584 

585 

58  0 

C  composition 

Naphthenic  White  Oil, 

\\t  °0 

98 

°3 

C  1 4 -  I  G  “  Aiks  1  Diphenyl 

Ethei  ,  wt  % 

100 

8  8 

lTCON  DLB  1  44E,  wt  T0 

38 

T  ricres  %  1  Phosphate , 

wt  ro 

yj 

Didodecsd  Selenide, 

Wt  T'0 

•) 

2 

2 

') 

Polybuteno  128,  wt  To 

1 0 

GO  ,  O0(i  V  is  Si  licone 

0  1 

0.  1 

0.  1 

0.1 

n.  1 

(1%  m  kerosene),  wt  To 

Mu  ro  Ryder  Gear  Loading 

poi 

1 100, 1 280 

1 700, 2070 

2240, 1 7 DO 

2080, 1 030 

1  890,2  1  40 

Mean  Hertz  Load 

(Screening  Test )  kg 

18 

2  7 

1  5 

” 

2  7 

Surprisingly  high  Ryder  Gear  Loading  values  were  obtained  for  the  samples 
based  on  C  -  .  j  g  -  alkyl  diphenyl  ether.  These  are  in  disagreement  with  the 
Mean  Hertz  Load  (screening  test)  results  which  are  fairly  low  (about  15)  High 
values  were  obtained  in  both  tests  on  the  L’CON  DLB  1  44  E  blend  Ihe  over-all 
correlation  between  the  two  tests  appears  to  be  poor 
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California  Heeearch  Corporation  AP-hour  teat  on  ?^-«l  suple  «lth  1-I/A  liters  alr/>iour. 

WADC  result*  enown  are  average  of  duplicate  rum,  AP-hcur  teat  or:  ?o_ail  aaaple  with  1  liter  alr/>iour. 


COMPARISON  OF  OXIDATION-CORROSION  TEST  RESULTS  AT  f>00*P 

HUN  AT  CALIFORNIA  RESEARCH  CORPORATION  ARP  AT  WA3C 
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California  Rwaaarch  Corporation  A^-hour  taet  or  aaaplc  with  1-1/A  llt*r#  alrAowr. 

WADC  rwawlta  shown  ar*  »»*!•»*•  of  dupMcat*  runs,  A 8— hour  teat  on  ?0-«l  staple  with  1  liter  Alr/tonr. 


5  .  0  Miscellaneous 


Metal  specimens  were  placed  m  various  fluid  samples  for 
irradiation.  This  was  to  determine  the  corrosive  tendencies  of  the 
products.  After  exposure,  the  specimens  were  (leaned  arid  reweighed 
Data  are  in  Table  LXXX1V  Weight  changes  were  minor  except  in  a  few 
instances  where  DBPC  vas  a  constituent  of  the  sample  Here  changes, 
a  in  Hinted  to  about  0.  1% 

S  7  Status,  Conclusions,  and  Recommendations 

Substantial  progress  was  made  in  the  development  of  a 
radiation  resistant  high  temperature  gaa  turbine  engine  oil.  Thu 
formulation,  CALHESEAKC'H  230 was  suffii  lentlv  advanced  to  warrant 
testing  in  an  engine,  even  though  radiation  stability  was  less  than  that 
de  sired.  The  oxidative  stability  after  irradiation  for  this  product  and 
similar  formulations  was  poor,  although  that  of  the  base  stock  was 
relatively  good.  Two  ingredients  are  suspected  of  causing  tne  loss  in 
stability  the  tricresyl  phosphate  and  the  210  Bright  Stock.  It  is  believed 
that  substitutes  with  greater  stability  can  be  found  for  both  materials. 
Elimination  of  tricresyl  phosphate  should  not  only  improve  the  oxidation 
stability  of  the  blend  but  reduce  oostir radiation  coking.  There  is  also  a 
possibility  that  the  tricresyl  phosphate  interferes  with  the  synergistic 
effect  of  oil  soluble  dyes  on  the  inhibitive  properties  of  selemdes,  A 
specially  synthesized  high  boiling  substance,  essentially  aromatic  in 
structure,  would  resist  oxidation  and  radiation  damage  better  than  210 
Bright  Stock  while  possible  performing  the  same  function  in  reducing  coke 
f  urination. 


Improvement  of  low  temperature  properties  of  CALRESEAKCH  230 
can  probably  be  achieved  by  using  a  base  stock  which  is  predominantly  Cj^-alKYl 
diphenyl  ether  instead  of  the  C \  4 .  j g -mixture .  With  respect  to  base  stocks  other 
than  the  alkyl  diphenyl  ethers,  test  results  indicate  that  naphthenic  white  oil 
and  the  aliphatic  esters  lack  the  thermal  and  radiation  stability  to  warrant 
further  consideration.  Diisooctvl  terephthalate  also  falls  short  of  the 
requisite  stability,  but  variations  of  tnis  compound  may  hold  promise. 

A lkylbipheny Is  possess  a  nigh  radiation  stability  which  makes  these 
hydrocarbons  attractive  for  further  study.  UCON  DLB  1  44E,  which  showed 
a  reversal  in  the  usual  viscosity  change  in  oxidation-corrosion  tests,  mav  be  a 
useful  blending  agent  fur  other  base  stocks  to  counteract  excessive  viscosity 
increases  due  to  oxidation. 


Ci4_ig  -Alkvl  diphenyl  ether  containing  petroleum  210  Bl  ight  Stock, 
H idodec yl  selenule,  tricresyl  phosphate,  Petrol  Black  A,  and 
ssilicone  (see  Table  LXXX,  page  !  74). 
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6  GEAR  LUBRICANTS  (S  R  Calish) 


6  1  Introduction 


The  objective  of  this  phase  of  the  work  was  to  develop  a  high 
temperature  gear  lubricant  suitable  for  use  in  radiation  atmospheres 
The  pattern  nonnuclear  specifit  ation  was  MIL-L-7499.  This  included  a 
wide  useful  temperature  range  and  film  strength  values  high  enough  to 
require  additives  in  any  base  oil  under  consideration.  It  was  apparent 
from  the  beginning  of  the  research  that  the  gear  oil  and  engine  oil  ohases 
would  be  closely  allied.  Any  potential  engine  oil  would  be  considered  a 
base  oil  candidate  for  further  gear  oil  development.  A  very  small  effort 
went  into  the  latter  in  1  957. 

Work  in  1  9 5b  *  on  gear  oils  consisted  of  screening  16  extreme 
pressure  agents  in  four  principal  base  oils,  a  mineral  oil,  a  polyglycol,  a 
terephtha late  ester,  and  an  alkylbiphenyl .  It  was  determined  in  earlier 
research-  that  ch ’or  ir.e -containing  extreme  pressure  agents  tended  to  become 
corrosive  during  exposure  to  radiation.  Thus,  the  additives  used  in  1959 
were  compounds  of  phosphorus  and  sulfur.  From  these  results,  samples 
were  selected  late  in  1959  for  full-scale  Mean  Hertz  Load  determinations. 
Tests  were  made  by  Inland  Testing  Laboratories  (Division  of  Cook  Electric 
Company),  and  results  became  available  in  1  957. 

(j  2  Test  Results 

Mean  Hertz  Load  Tests  were  performed  on  11  compounded  fluids 
before  and  after  irradiation  to  5.8  x  1<)10  ergs  g  C.  In  addition,  C i  4. 1  g-alkyl 
diphenyl  ether  was  tested  before  irradiation.  Results  are  in  Table  LXXXV. 
These  data  show  considerable  difference  in  film  strength  among  base  oils, 
hut ,  more  important,  there  was  even  greater  difference  in  response  to 
extreme  pressure  additives.  In  every  case,  the  addition  of  sulfurized 
olefins  produced  a  finished  blend  which  met  the  40 -kg  Mean  Hertz  Load 
requirement  of  MIL- L- 7  449. 

The  results  of  Mean  Hertz  Load  Tests  after  irradiation  indicated 
even  more  clearly  that  the  base  oil -additive  combination  must  be  carefully 
selected  if  desired  high  film  strength  is  to  be  maintained  in  use.  Of  the 
sulfur  -  containing  additives,  only  the  diparaffir  sulfide  remained  effective 
after  irradiation  in  the  ester  base  oil.  In  the  more  radiation  resistant  base 
oil,  Cl  n-l  8-alky lbiphenyl.  film  strength  was  not  appreciably  affected  by 
irradiation  regardless  of  additive. 


Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  (California 
Research  1956  Summary  Report  on  Contract  A F  33(61  6) -31  8  4) 

WADC  Technical  Report  56-646,  p.  126. 

.1,  Cl.  Carroll  and  S  R.  Calish,  Some  Effects  of  Gamma  Radiation 
on  Commercial  Lubricants,  Lubrication  Engineering  13.  No.  7, 

33  8  (1  “5  7). 
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IffR  C«i>al  S.'urc* 


6  3  Status  Cone  1  us  ions ,  and  Her  ommendat  ions 

This  portion  of  tne  project  was  largely  dormant  during  1957 
bee  ause  of  planned  emphasis  on  engine  oil  base  stocks,  which  will  provide 
the  basis  for  a  radiation  resistant  gear  oil  The  results  reported  are  final 
'tests  on  >ils  blended  during  1956. 

It  is  recommended  that  the  gear  lubricating  ability  of  engine 
oils  continue  to  be  an  important  aspect  of  their  evaluation.  The  alkyl 
aroma  ti<:  s  ,  preferred  base  stock  for  engir^  oils,  appear  to  have  poor 
iubricity,  based  on  Mean  Hertz  Load  Tests  The  addition  of  extreme 
pressure  agents,  such  as  diparaffin  sulfide,  may  improve  this  property. 
However,  the  effect  of  these  compounds  on  corrosion  and  radiation 
resistance  under  dynamic  conditions  is  not  known  and  should  be  evaluated. 
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7  JET  FUELS  (I.  T  Guerin) 


,  1  Intr  oductio:; 


The  study  of  effects  of  radiation  on  iet  fuel  properties  was 
continued  and  expanded  from  previous  work  on  this  contract*  It  was 
found  m  1956  that  jet  fuel  properties  (with  the  exception  of  thermal  stability) 
pertinent  to  aircraft  operation  were  affpcted  only  slightly  as  a  result  of 
exposure  to  0.87  to  4.35  x  10^  ergs  g  C  of  gamma  radiation  The  JP-5 
grade  fuels  had  less  radiation  tolerance  than  JP-4  fuels  This  was  not  greater 
radiation  instability  for  JP-5's,  but  resulted  from  less  margin  between 
initial  JP-5  properties  and  limiting  properties  (MIL-F-5624C)  for 
satisfactory  engine  operation.  Until  the  effects  of  radiation  on  thermal 
stability  were  investigated,  it  appeared  that  viscosity  increase  was  the 
critical  item.  The  work  in  1957  emphasized  the  effect  of  radiation  on 
thermal  stability.  This  property  may  be  a  problem  at  radiation  dosages 
too  low  to  affect  other  fuel  properties  materially. 

7 .  2  Test  Fuels 

Nine  fuels  were  used  in  the  1957  work.  Table  LXXXVI 
identifies  these  Eight  were  production  fuels  chosen  to  represent  different 
geographical  crude  petroleum  sources  so  that  results  obtained  would  have 
as  broad  an  application  as  possible.  The  ninth  was  a  highly  refined 
naphthenic  kerosene,  a  type  of  fuel  which  has  been  proposed  for  use  in 
supersonic  aircraft. 


Table  LXXXVI 


Identity  of  Jet  Fuels 


California 
R  esearch 
No. 

Description 

J  -81  3 

JP-4,  West  Texas  Crude 

J  -852 

JP-4,  Salt  Lake  (Rangely)  Crude 

J-782 

JP-4,  Middle  East  Crude  (RAF  105-55) 

J  -37  2 

JP-4,  Mid-Continent  Crude  (RAF  106-55) 

J  -770 

JP-4,  San  Joaquin  Crude  (RAF  107-55) 

J  -728 

Special  JP-5,  A  Highly  Refined,  Aromatic -Free  Kerosene 
From  Eastern  U  S.  Crude  (Pratt  and 

Whitney  F-l  12) 

J  -77  ! 

JP-5,  Los  Angeles  Basin  Crude  (RAF'  104-55) 

.1  -74  6 

Special  JP-5,  Eastern  U.  S.  Crude  (RAF  99-55) 

J  - 11  18 

RP-1,  Highly  Refined  California  Kerosene 

Effects  of  Radiation  on  Aircraft  Lubricant  and  Fuels,  (California  Research 
1956  Summary  Report  on  Contract  AF  33(61 0) - 31  84)  WADC  Technical 
Report  1)6-6  46,  p  134 
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The  production  fuels  were  irradiated  during  1956,  and  the  observed  changes 
in  physical  properties  were  reported  on  four  JP-4's  and  two  JP-5's'  .  Similar 
data  are  reported  herein  (Section  7.  4.  11  for  the  remaining  two  fuels 

7  3  Test  Procedures 


Irradiations  of  all  fuels  (except  .1-1118)  were  conducted  in  the 
MTU  Canal  Source  for  nominal  dosages  of  0.  87  x  1  0*0,  4.3  x  10^  and 
8.  7  x  1010  ergs  g  C  (1  x  10®,  5  x  10®,  and  10  x  10®  r)  Aluminum  containers^ 
filled  with  12, 000  ml  of  fuel  were  used  for  these  irradiations.  J  -  1 1 1  8 
received  various  treatments:  (a)  55  gallons  was  irradiated  in  a  standard 
steel.  Type  17-E  drum,  in  NARF  at  Convair,  Fort  Worth, during  SPIT-2, 

(b)  three  12, 000-ml  samples  were  irradiated  at  the  MTR  for  gamma  dosages 
of  8.7  x  10',  8.7  x  10®,  and  8.7  x  10^  ergs/ g  C,  (c)  nine  irradiations  were 
conducted  in  the  Cal  Research  cobalt-60  source  in  a  circulating  loop  for 
dosages  between  8.  7  x  1  0®  and  8.7  x  10^  ergs/g  C  During  one  exposure  dry, 
clean  air  was  continuously  bubbled  into  the  fuel  in  the  reservoir,  during  two 
exposures  helium  was  used  instead  of  air.  The  remaining  exposures  were 
conducted  with  the  sump  vented  to  the  atmosphere. 

Thermal  stability  was  determined  in  a  Model  03FC  automatic 
CF  K  Fuel  Coker  (see  Appendix  1).  Tests  conformed  to  present  procedures'* 
with  one  exception:  because  of  the  small  volume  of  irradiated  fuel  available, 
test  duration  was  shortened  to  2-1/2  to  3  hours  as  required. 

7.  4  Test  Results 

7.4.1  Laboratory  Inspections  of  J-746  and  J-770 

Table  LXXXVII  presents  the  results  of  inspections  on  these  two 
fuels,  a  .IP-4  and  a  special  .IP- 5.  Data  were  obtained  on  the  whole  fuels 
only.  Frac  tional  distillations  were  not  made  because  the  results  obtained 
on  the  whole  fuels  did  not  show  any  significant  departure  from  the  trends 
shown  previously  for  the  other  JP-4  and  JP-5  fuels.  The  ASTM  D  86 
distillations  gave  increasing  distillation  temperatures  past  the  30%  points 
for  both  fuels.  Also  the  increasing  "front-end’  volatility  of  the  JP-5 
with  increasing  irradiation  showed  the  formation  of  low  molecular  weight 
material  in  this  stock.  This  was  also  true  of  the  two  other  JP-o  fuels®. 

The  increased  front-end  volatility  indicated  a  lower  flash  point,  although 
this  property  was  not  actually  measured  on  any  of  the  irradiated  JP-5  samples. 

1  "  Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  1 2 3  (California 
Research  1956  Summary  Report  on  Contract  AF  3 3(61  6) -3 1  84)  WADC 
Technical  Report  56-6  46,  p.  134. 

2 

Ibid,  p.  5 

3  Ibid.  p.  1  38,  1  40. 

’  Instructions  for  Operation  and  Maintenance  of  CFR  Fuel  Coker," 
Coordinating  Research  Council  Manual  No.  3,  March  1951 
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Figure  2b  shows  graphically  the  effect  of  irradiation  on  the 
API  gravity,  the  initial  boiling  point,  and  the  80%  distilled  point  of  the 
two  fuels.  The  formation  of  high  molecular  weight  material  reduced  the 
ATI  gravity  of  both  the  JP-4  and  the  JP-5.  The  initial  boiling  point  of 
the  latter  was  markedly  reduced,  while  that  of  the  JP-4  (about  250°  F 
below  that  of  the  JP-5  originally)  was  not  affected  in  this  regard.  This 
may  be  explained  by  a  loss  of  volatile  products  from  the  lower  boiling 
fuel  during  exposure  in  the  MTil  Canal  Source.  Figure  26  also  shows 
that  the  80%  distilled  points  of  both  fuels  were  affecte  d  in  about  the  same 
way  by  irradiation.  Viscosity  increases  resulting  from  irradiation  are 
shown  in  Figure  27  At  the  highest  dosage,  the  JP-4  viscosity  was 
marginal  at  -40°  F;  however,  the  viscosity  at  0°  F  for  JP-5  was  marginal 
at  ha!f  this  dosage. 

As  before  with  the  other  six  fuels1  ,  suspended  gum  and 
adherent  gun  as  determined  by  the  Filter  Residue  Test  (see  Appendix  1) 
did  not  appear  to  be  influenced  bv  irradiation. 

7.  4.2  Fuel  Loss  from  Irradiation 


Because  loss  in  API  gravity  with  the  irradiated  fuels  was 
accompanied  by  increasing  aniline  point,  gravimetri  beating  values 
remained  approximately  constant  throughout  the  dosage  range  investigated 
(see  Table  LXXXVII).  Some  fuel  was  lost  during  exposure  through  gas 
evolution.  Weight,  losses  observed  after  exposure  of  J-746  and  J-770 
are  shown  in  Table  LXXXVIII. 

Table  LXXXVIII 

Weight  Loss  of  Fuel  on  Irradiation 


Gamma  Dosage, 
Fuel  No .  ergs / g  C 

Weight  Loss, 
grams 

Weight  Loss, 

Per  Cent 

J  -  7  4  0,  J  P-  5  0.87 

1  75 

1  .  87 

4.3 

Not  determined3 

_ 

Water  in  sample 

8.  7 

805 

0.  52 

J-770.  JP-4  0.87 

45 

0.  48 

4.  3 

7  20 

7.60 

8''  .  J 

8  55 

9.  04 

k- —  -■  ■  ■  -  . . . i 

750  grams  of  water  found  in  sample  on  return  from.  MTR. 


1'hese  losses  wore  considerably  higher  than  estimates  made  previously 
from  irradiations  of  the  other  six  JP-4  and  JP-5  fuels1  (1.  5  and  0.3 
\  >lutne  per  cent,  respectively,  at  about  3.  7  x  1010  ergs  g  C). 

» 

1  Kfi'ecis  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  (California 
Research  ll,ot»  Summary  Report  on  Contract  AT  33(6  1  6) -3 1  84)  WAI)C 
Technical  Report  36-046,  p.  155. 
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FIG.  26  -  TYPICAL  EFFECTS  OF  GAMMA  IRRAOIATION  ON  API 
GRAVITY,  INITIAL  BOILING  POINT  ANO  80ft 
DISTILLED  POINT  OF  JET  FUELS 
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FIG.  27  -  TYPICAL  EFFECTS  OF  GAMMA  IRRADIATION*  ON 
VISCOSITY  OF  JET  FUELS 
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7.4.3  Prediction  of  Viscosity  Changes 
Resulti n g  from  Irradi a tion _ 

With  the  viscosity  measurements  obtained  on  the  eight 
fuels  irradiated  during  1  956  1 ,  th?  following  equation  between  radiation 
dosages,  initial  viscosity,  and  final  viscosity  was  developed.  The 
relationship  was  based  on  exposures  measured  in  roentgens;  however 
conversion  to  eigs,g  C  van  easily  be  made  where  desired,  by  the  factor, 
87.  1  ergs  g  C  per  roentgen  (see  page  3). 


where  Vi 

ly 

y 

7]o  =  viscosity  in  centistokes  before  exposure. 

m  =  index  of  susceptibility  of  the  fuel  to  viscosity 
change  caused  by  irradiation 

C  =  a  constant  for  a  particular  fuel  at  the  particular 
temperature  at  which  the  viscosity  is  determined 


my  =  log 

=  viscosity  in  centistokes  after  exposure  to  y  in  10^  r. 

O 

=  gamma  dosage  divided  by  10°  r. 


IVv-C) 

i 


To  test  the  fit  of  the  equation  to  the  actual  measurements, 
viscosities  were  calculated  for  the  eight  irradiated  JP-4  and  .IP-5  fuels. 

Empirical  relationships  were  used  to  determine  ”C."  Good  agreement  ir; 
shown  in  Figure  28  between  measured  and  calculated  viscosities.  Further 
illustrations  and  observations  are  contained  in  Appendix  XII. 

7.4.4  Thermal  Stability  Tests  or.  Eight  Jet  Fuels 

The  results  of  CFRFuel  Coker  Tests  are  summarized  in 
Table  LXXXIX.  A  total  of  56  tests  w-as  made,  of  which  19  were  on  J-1118 
(highly  refined  kerosene).  Tests  on  unexposed  fuels  were  made  first  in  order 
to  establish  preheater  and  filter  temperatures  which  would  permit  the 
detection  of  either  increases  or  decreases  in  stability.  Plots  of  the  filter 
pressure  drop  versus  test  time  for  the  five  JP-4’s  (J-813,  J-852,  J  - 782 ,  J  -  872  ,a;id 
.1-770)  and  the  three  JP-5's  (J-728,  J-771,  and  J-746)  are  given  in  Figures 
29,  30,  31,  32,  33,  34,  35,  and  36,  respectively.  The  curves  show  test 
results  for  the  unirradiated  base  fuels  and  fo r  each  of  the  three  radiation 
dosages  employed.  The  use  of  actual  pressure  drops  rather  than  the 
customary  pressure  drop  increases  spreads  the  curves  to  permit  easier 
comparisons.  It  also  shows  the  initial  effect  of  differences  in  viscosity 
of  original  and  irradiated  fuels. 

*  Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  ”  (California 
Research  1956  Summary  Report  on  Contract  AF  33(6 1 6) - 3184)  WADC 
Technical  Report  56 -646 ,  p  152. 
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CALCULATED  VISCOSITY  AT  IOO°F.  CENTISTOKCS 


FIG.  20  -  CORRELATION  OF  MEASURED  AND  CALCULATED 
VISCOSITIES  AT  IOO°F,  JP-4  AND  JP-5  FUELS 
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PRESSURE  DROP  ACROSS  FILTER,  INCHES  OF  MERCURY 
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FIG.  29  -  FSITER  PRESSURE  DROP  AS  A  FUNCTION 
Oc  TIME-J-813  COKER  TESTS 
MODEL  03FC  COKER:  400/400/6 
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PRESSURE  DROP  ACROSS  FILTER.  INCHES  OF  MERCURY 


TEST  TIME,  MINUTES 

FIG.  30  -  FILTER  PRESSURE  DROP  AS  A  FUNCTION 
OF  TIME-J-652  COKER  TESTS 
MOOEl  03FC  COKER:  *00/400/6 


WADC  TR  56-646  Pt  II 


195 


PRESSURE  DROP  ACROSS  FILTER,  INCHES  OF  MERCURY 


TEST  TIME.  MINUTES 

FIG.  31  -  FILTER  PRESSURE  DROP  AS  A  FUNCTION 
OF  T I  ME  - J-782  COKER  TESTS 

MODEL  03FC  COKER:  350/M-00/6 
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PRESSURE  DROP  ACROSS  FILTER,  INCHES  OF  MERCURY 


TEST  TIME,  MINUTES 


FIG.  32  -  FILTER  PRESSURE  DROP  AS  A  FUNCTION 
OF  TIME- J-872  COKER  TESTS 

MOOEL  03FC  COKEB:  350/400/6 
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FIG.  33  -  pl ITER  PRESSURE  DROP  AS  A  FUNCTION 
OF  T I  ME- J-770  COKER  TESTS 
MODEL  03FC  COKER:  375/400/6 
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PRESSURE  MOP  ACROSS  FILTER.  INCHES  OF  MERCURY 


FIG.  3U  -  FILTER  PRESSURE  DROP  AS  A  FUNCTION 
OF  TIME- J-726  COKER  TESTS 

MOOEL  03FC  COKER:  450/500/6 
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PRESSURE  DROP  ACROSS  FILTER,  I  ACHES  OF  MERCURY 


FIG.  35  -  FILTER  PRESSURE  DROP  AS  A  FUNCTION 
OF  TIME- J-77 !  COKER  TESTS 

MODEL  03FC  COKER:  400/&00/S 
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PRESSURE  DROP  ACROSS  FILTER.  INCHES  OF  MERCURY 


FIG.  36  -  FILTER  PRESSURE  DROP  AS  A  FUNCTION 
OF  TIME- J-746  COKFR  TESTS 

MODEL  03FC  COKER:  Y50/“>00/6 
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Filter  merit  ratings  and  preheater  deposits  are  plotted  as 
a  f u r u  t i on  of  gamma  dosage  in  Figures  37,  38,  and  39.  These  show  that 
gamma  radiation  in  the  dosage  range  investigated  influenced  jet  fuel 
thermal  stability  measurably  but  not  consistently.  For  example,  three 
fuels  (J-813.  J-782,  and  J-728)  showed  reductions  of  20  or  more  in  FMR 
at  the  lowest  dosage,  while  four  showed  improvements, and  one  changed 
very  little  .  At  the  intermediate  dosage,  only  one  fuel  had  a  lower  FMR 
than  its  unirradiated  sample.  At  the  highest  dosage,  all  FMR's  on 
irradiated  stocks  were  higher  than  those  on  the  respective  original 
fuels. 


Preheater  coating  was  not  heavy  for  any  of  the  fuels  due 
partly  to  r  educed  test  time  and  partly  to  the  relatively  good  thermal 
stability  of  most  of  the  fuels  used  Four  of  the  JP-4's  showed  a  tendency 
for  more  deposits  at  the  lowest  dosage,  ana  all  five  were  as  good  as 
or  better  than  the  original  samples  at  the  highest  dosage.  Of  the  three 
JP-5's,  J-771  was  least  stable; and  tests  were  conducted  at  400/500/6  for 
this  fuel  Radiation  improved  both  filterability  and  preheater  coating  to  a 
marked  degree.  Neither  J-728  nor  J-746  formed  preheater  deposits  at 
450/500/6,  relatively  severe  coker  test  conditions,  irrespective  of 
radiation  dosage.  J-728,  however,  did  show  a  drop  in  FMR  at  the  low 
dosage  of  0.  76  x  10^ 11  ergs/g  C. 

7.4.5  Thermal  Stability  of  J- 11 18,  A  Highly 
Refined  Kerosene  (RP-1) 


A  barrel  sample  of  this  stock  was  exposed  to  reactor 


irradiation  at  NARF  in  SPIT  No. 

•> 


2  1  . 


A  dosage  of  about  87.1  x  10 


ergs/g  C  gamma  equivalent^  was  received,  approximately  80%  of  which  was 
gamma  radiation.  As  predicted  for  this  relatively  low  dosage,  no 
measurable  changes  were  observed  in  any  physical  tests  made.  However, 
contrary  to  expectations,  thermal  stability  was  appreciably  reduced.  CFR 
coker  tests  made  at  400/  500/6  showed  a  reduction  in  FMR  from  67  for  the 
unirradiated  sample  to  20  for  the  irradiated  sample. 


This  finding  l»»d  to  a  more  extensive  program  with  J  -  1 1 1 8 . 

A  total  of  19  coker  tests  was  made.  These  are  summarized  in 
Table  LXXXIX.  Initiallv,  three  samples  were  irradiated  in  the  Cal 
He  search  cobalt-60  source  and  two  in  the  MTR  Gamma  Canal  Source. 

Five  dosages  varying  10,000  fold  were  obtained.  All  of  these  five 
irradiated  samples  had  lower  FMR's  than  the  base  fuel  except  the  sample 
exposed  to  8.  7  x  10^  ergs/g  C  at  the  MTR.  The  minimum  FMR  of  32  was 
obtained  at  8.  7  x  10®  ergs/g  C.  None  of  these  irradiations  produced  the 
instability  of  the  SPIT-2  sample. 


Nuclear  Aircraft  Reactor  Facility,  Systems  Panel  Irradiation  Test  No.  2. 


o 


Sample  received  8  x  10® 
(epithermal),  and  5  x  10 


roentgens  of  gamma,  3  x  10^  neutrons/sq  cm 
^  neutrons/sq  cm  thermal. 
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Infrared  spectra  were  obtained  on  these  samples  m  an  attempt 
to  find  differences  m  <  constituents  resulting  from  different  radiations 
and  radiation  on  vi  r  on  merits  .  The  resulting  absorption  traces  were  all 
jj  rat  ticalh  identical  This  showed  that  no  change  in  composition, 
uofasura  >!e  by  tins  technique,  had  occurred  in  any  of  the  samples  The 
sample  irradiated  at  8.  f  x  1c1  ergs  g  C,  however,  did  show  slight 
additional  adsorption  at  13.  \ This  was  interpreted  as  the  presence  of 
peroxide  Accordingly,  peroxide  numbers  were  obtained  by  titration  on 
all  samples  These  are  given  in  Table  XC  together  with  additional  peroxide 
numbers  on  all  samples  of  irradiated  J  - 1  118. 

The  data  from  the  first  five  gamma  irradiations  and  the  SPIT-2 
irradiation  indicated  a  good  relationship  between  peroxide  number  and  thermal 
stability:  the  higher  the  peroxide  number,  the  lower  the  stability.  Data  obtained 
from  subsequent  samples,  however,  did  not  confirm  this  relationship.  Figure  40 
shows  peroxide  numbers  plotted  against  filter  merit  ratings  for  J-1118. 

Also  shown  is  a  scale  giving  the  approximate  parts  per  million  of  oxygen 
content  as  peroxide.  Figure  41  shows  filter  merit  ratings  plotted  as  a 
function  of  gamma  dosage  for  all  the  samples  of  J-1118.  The  following 
observations  were  derived  from  this  work. 

a.  Gamma  irradiations  performed  either  statically  at  the  MTR 
or  by  loop  circulation  in  the  cobalt -60  source  were  about, 
equivalent  in  effect  on  thermal  stability  (dosage  8.  7  x  10' 
ergs/g  C) 

b.  Reactor  radiation  (in  NARF)  at  the  same  equivalent  dosage 
was  more  damaging  than  pure  gamma  radiation  to  thermal 
stability. 

c.  He  Hum  scrubbing  of  the  fuel  during  gamma  irradiation  did  not 
c  insistently  improve  thermal  stability. 

d.  Introduction  of  excess  air  into  the  fuel  during  irradiation 

did  not  increase  filter  plugging  or  increase  peroxide  number. 

e.  The  effect  of  gamma  radiation  on  thermal  stability  appeared 
transitory  in  a  sample  irradiated  to  a  dosage  of  8 .  7  x  1  06 
ergs/g  C.  The  first  coker  test  made  24  hours  after  exposure 
gave  a  32  FMR,  a  second  test  of  the  same  sample  five  months 
later  gave  a  69  FMR.  No  aging  effect  was  observed  with  the 
unirradiated  material. 

f.  The  effect  of  radiation  in  this  rang,,  on  preheater  tube  deposits 
was  not  well  defined  Differences  were  noted,  but  no  pattern 
was  apparent. 

It  was  suggested  that  iron  contamination  was  primarily 
responsible  for  the  loss  in  thermal  stability  of  the  SPIT-2  samples.  An 
iron  analysis  showed  0.  2  ppm  of  iron  present  in  the  sample.  There  is 
no  information  available  on  the  effect  of  iron  in  either  soluble  or  suspended 
form  on  thermal  stability.  This  quantity  of  iron  in  a  fuel  of  this  type  after 
undergoing  considerable  Handling  and  storage  does  not  appear  unusual. 
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FIG.  HO  -  RELATIONSHIP  BETWEEN  PEROXIDE 
NUMBER  AND  THERMAL  STABILITY 
(IRRAOIATED  SAMPLES  OF  J-III8) 

AS  MEASURED  BY  CFR  FUEL  COKER 
FILTER  MERIT  RATINGS  AT  400/500/6 
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COIAIT-OO.  NORMAL  AIR 

COBALT-60.  HELIUM  SCRUBBED  DURIRG  EXPOSURE 
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Status 


It  was  found  that  both  gamma  and  reactor  irradiation  can  be 
m;r  in  to  jet.  fuel  thermal  stability  at  dosage  levels  too  low  to  cause 
i  ;ti<  cable  changes  m  other  fuel  properties.  It  appear  s  that  different  fuels 
may  have  different  c  ritreal  dosages  in  this  regard.  No  information  was 
obtained  which  explainer!  the  reduced  thermal  stability.  At  this  time,  it 
appears  that  combined  reactor  radiation  is  more  damaging  to  thermal 
stability  than  gamma  irradiation  at  the  same  dosage  level.  The  part  played 
by  oxygen  in  reducing  thermal  stability  of  irradiated  fuels  is  not  yet 
understood,  but  it  appears  important. 


The  i  hange  rn  fuel  characteristics  at  higher  dosages  of 
87  x  10-*  to  87  x  1  0!J  ergs,  g  C  is  now  well  defined.  Viscosity  increase 
appears  to  be  the  limiting  property  'n  this  radiation  range,  while  thermal 
stability  will  generally  be  as  good  as  or  better  than  that  of  unirradiated 
fuel.  Initial  fuel  composition  and  crude  source  do  not  appear  to  influence 
the  magnitude  of  change  in  physical  properties  brought  about  by  irradiation. 


7 .  G  Conclusions 

a.  Gamma  ^r  radiation  m  the  dosage  range  of  8.  7  x  lO3  to 
8.  7x10  ergs  g  C  reduces  fuel  thermal  stability 

b.  Meat  tor  irradiatron  reduces  thermal  stability  more  than 
equivalent  gamma  dosage. 

c.  At  high  gamma  dosages  (above  about  40  x  10^  ergs/g  C),  fuel 
thermal  stability  is  usually  unchanged  or  improved. 

d.  Viscosity  increase  is  the  major  problem  at  higher  radiation 
dosages . 

e.  Peroxidation  may  be  important  in  thermal  instability  resulting 
from  irradiation. 


7.  7  Recommendations 

This  program  showed  that  work  is  needed  in.  the  following  areas 
to  overcome  the  problems  of  jet  fuel  radiolysis: 

a.  The  mechanism  of  the  changes  in  the^mai  stability  brought 
about  b\  irradiation. 

b  The  influence  of  hydrocarbon  type  on  thermal  stability  changes 
caused  by  irradiation. 

<  .  Tin*  perfot  rr.aiKe  of  additives  in  protecting  fuels  from  loss  in 
thermal  stability  on  irradiation. 

d.  The  effect  of  reactor  irradiation. 

e  The  effect  of  time  between  exposure  and  testing  for  thermal 
stability  . 
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T  ES  T  M  E  T  H O  DS  ( S .  H  C  A  LISH ) 


This  sec  tion  describes  the  test  methods  used  to  evaluate 
the  physical  and  chemical  properties  and  the  performance  of  materials 
studied  under  this  contract.  Whenever  applicable,  methods  described  m 
either  the  Federal  Test  Method  Standard  No.  791,  dated  December  1  5,  1955, 
or  the  ASTM  standards  for  Petroleum  Products  and  Lubricants,  dated 
November  1956,  were  used.  Short  descriptions  of  tne  "Special  Tests 
employed  follow  the  tabulation  of  methods. 

I  Applicable  Tests 

A  Greases 

Test 

Dropping  Point 

ASTM  Worked  Penetration 

Norma  Hoffman  Bomb 
Copper-  Corrosion 

Oxidation 

Dirt  Content 

Bearing  Performance 

Work  Stability- 

Evaporation 

Apparent  Viscosity 

Low  Temperature  Torque 

Navy  Gear  Wear  Test 

B .  Hydraulic  Fluids 


Method 

ASTM  D  5 till  4  1 

ASTM  I)  2  17-52 T 

FSM  No.  5  514 
ASTM  D  42-5( 
FSM  No.  9005.  1 
FSM  No.  9 5  1  1 
FSM  No.  315.  1 
ASTM  D  9  72  -5  1  T 
ASTM  D  1  092-  5  5 
Special  Test 
FSM  No.  335 -T 


Test 


Method 


Viscosity 
Pour  Point 
Flash  Point 

Spontaneous  Ignition  Temperature 
Bulk  Modulus  (Adiabatic) 


ASTM  I)  445 -5  3 T 
ASTM  I)  9  7  4  7 
ASTM  D  92-52 
Special  Tost 
Special  Test 
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Method 


Test 


Shear  -  Sonic  Os<  lllator 

Special  Test 

Hydraulic  Purnp 

Special  'lest 

I*  oa  ruing 

FSM  No  3212 

Thermal  Decomposition 

Special  Test 

Classing  During  Irradiation 

Special  Test 

Density 

ASTM  D  941-49 

Acid  No. 

ASTM  D  6 G 4  -  5 4 

Vapor  Pressure 

Special  Test 

Oxidation  -Corrosion 

347°  F 

FSM  No.  5308.  4 

400°  F 

FSM  No.  5308.4 

5011°  F 

Sneciai  Test 

Hydrolytic  Stability 

Special  Test 

Engine  Oils 

Test 

Method 

Viscosity 

ASTM  D  445-53T 

Four  Point 

ASTM  D  97-47 

F  lash  Point 

ASTM  D  92-52 

Spontaneous  Ignition  Temperature 

Special  Test 

I*' oa  tiling 

ASTM  D  892-4GT 

Evaporation 

ASTM  D  972-51  T 

SOD  Lead  Corrosion 

Special  Test 

Shell  F'our-Ball  Wear 

Special  Test 

Ryder  Gear  Test 

Special  Test 

Panel  Coking 

Ox  idat  ion  -Corrosion 

Special  Test 

34  7°  F 

FSM  No.  5308.  4 

4(h)0  F 

FSM  No.  5308,  4 

r>00°  F 

Special  Test 

Mean  Hertz  Load! Screening  Test) 

Special  Test 

WADC  Deposition  Test 

Special  Test 
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D  Gear  Oils 


Test 

Viscosity 
Flash  Point 
Pour  Point 
Acid  No. 

Oxidation -Corrosion 
Load  Carrying  Ability 
Ryder  Gear  Test 
Mean  Hertz  Load 


Method 

AST M  I)  4 -45-531 
AST  M  D  92  -52 
ASTM  H  57-47 
AST  M  D  604-54 
FSM  No.  5  <08  4 

Special  Test 

FSM  No.  11503 

(Also  Special  T est ) 


E .  F  uels 


Test 


Method 


II. 


Distillation 

FSM 

No 

1 001 .  8 

Gravity,  0  A  PI 

FSM 

No 

401 .  4 

Existent  Gum 

FSM 

No 

3302.  4 

Reici  Vapor  Pressure 

FS  M 

No 

1201  4 

Thermal  Value 

FSM 

No 

2502.  3 

Viscosity 

FS  M 

No 

30  5.  3 

Aromatics 

FSM 

No 

3701 .  2 

Olefins 

FSM 

No 

3701 .  2 

Flash  Point 

FSM 

No 

1 1 02.  7 

Thermal  Stability  (CFR  Coker) 

Speci 

lal 

rest 

Filter  Residue 

Special 

Test 

opcc  i  a  1  Tests 


A.  Greases 


1  .  Low  Temperature  Torque  -  This  method  is  described  in 
Section  4.5.  3  of  Military  Specification  MI L- G - 32 7 8 A  for  Grease,  Air-  raft, 
and  Instrument,  dated  March  23,  1  956. 


B.  Hvdraulic  Fluids 

- ....  . — - - 

1.  Spontaneous  Ignition  Temperature  -  A  controlled  temperature 
vertical  muffle  furnace  is  used.  A  stainless  steel  plate  is  healed  ir.  10°  F  site: 
in  the  furnace.  C..t  drop  of  the  test  fluid  is  dropped  out  )  the  plate  through  an 
opening  in  the  door  at  each  step.  The  temperature  at  which  the  fluid  first 
flashes  is  tne  spontaneous  ignition  temperature.  The  furnace  is  air  purged 
between  each  10CF,  and  the  flash  temperature  is  rechecked  as  temperature  is 
decreased. 
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2.  Bulk  Modulus  (Adiahatu  )  -  In  an  appropriately  instrumented 
apparatus,  the  velocity  oT  a  AOC  kc  'sec  ultrasonic  wave  through  the  test 
liquid  is  measured  at  atmospheric  pressure  and  76°  F.  The  adiabatic  bulls 
modulus  is  the  pr  )duet  of  the  density  of  the  liquid  times  the  square  of  the 
ve 1  or i ty 


3.  Shear  -  Sonic  Oscillator  -  About  50  ml  of  the  test  fluid  is 

exposed  to  z  Kaytheon  sonic  oscillator.  The  change  in  viscosity  is 

the  test  c  riterion.  Test  duration  <  an  be  varied  as  desired,  usuallv  0.  5  to 
I  hours,  in  the  past 1  ,  fair  to  good  correlation  was  established  with  shear 
breakdown  experienced  in  the  testing  of  fluids  in  aircraft  piston  pumps. 

4.  Hydraulic  Pump  Test  -  A  simple  hydraulic  circuit  was  used 
to  evaluate  fluids  for  shear  and  Tor  Rear.  Mounts  are  provided  for  a  15 
horsepower  electric  driving  motor  to  accommodate  piston  pumps  of  either 
Vickers  PF-3911  or  New  York  Airbrake  66WA30U  type.  From  the  pump 
discharge,  fluid  flowed  through  an  orifice,  a  pressure  relief  valve,  heat 
exchanger,  sump,  and  filter  and  back  to  the  pump  inlet.  The  Model  66WA300 
pumps  are  run  at  constant  deliver;,  with  the  bypasses  blocked  with  a  socket 
screw.  Tests  are  generally  for  150  hours  cit  160°  F,  followed  by  100  hours 

at  375°  F  Parts  are  inspected  and  weighed  at  the  start,  at  1  5t>  hours,  and  at 
250  hours.  Interim  inspections  are  made  if  anything  unusual  occurs. 

5.  Thermal  Decomposition  -  T<m  milliliters  of  test  fluid  is 
placed  in  a  Type  4 1  0  stand  ess  steel  capsule^  under  a  helium  atmosphere. 

The  capsule  is  welded  shut  and  heated  for  a.  specified  period  in  a  muffle 
furnace  set  at  the  desired  temperature.  Gas  evolution  is  determined  by 
venting  the  gas  to  a  vacuum  flask^  at  the  conclusion  of  the  test.  The  effect 
upon  fluid  viscosity  is  also  determined. 

6.  Gassing  Du  ring  Irradiation  -  Ten  milliliter  samples  of  test 
fluid  are  sealedTnto  a  Type  4  10  stainless  steel^  capsule  under  helium.  The 
capsule  is  subjected  to  the  desired  radiation  dosage  and  then  verted  to  a 
vacuum  flask^  for  determination  of  evolved  gas. 

7.  Vapor  Pressure  -  This  method  uses  a  vacuum- jacketed 
boiling  point  apparatus  in  which  the  pressure  of  an  inert  atmosphere  is 
varied  by  means  of  a  slow  leak.  The  vapor  pressure  of  the  boiling  fluid 
is  the  pressure  of  the  inert  atmosphere.  Provision  is  made  to  measure 
the1  pressure  by  way  of  a  direct  connection  to  the  boiling  chamber.  An  oil 
manometer  is  used  for  measuring  vapor  pressures  in  the  range  of  0.1-15 
mil  mercury,  while  a  mercury  manometer  is  used  for  higher  pressures. 

The  apparatus  may  be  used  over  the  temperature  range  from  70-550°F. 

1  Unpublished  work,  California  Research  Corporation. 

7  lt 

Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  (California 

Research  1056  Summary  Report  on  Contract  AF  33(61  6 ) - 3  184)  WADC 
Technical  Report  56-646,  p.  110. 

^  N.  P.  Shiell.s,  R.  O.  Bolt,  and  J.  G.  Carroll,  Safe  Containers  Hold 
Organics  for  Irradiations,'  Nucleonics  J_4,  No.  8,  54  (1956). 
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8.  Oxi dation -Cor rosion  at  500*F  -  ITus  test  us  conducted  in  an 
apparatus  fie  signed  to  one -fourth  scale  Ihe  Federal  Standard  Method 

\ o .  >  308.  4.  A  temperature  controlled  aluminum  block  is  used  for  heating 
purposes.  Glassware  is  designed  for  25  ml  (one-fourth  scale)  of  test  fluid. 

Metal  specimens  are  m  the  form  of  washers  which  fit  about  the  air  bubbling 
tuloe  md  are  separated  by  glass  collars.  An  air  flow  rate  of  1.25  liters /hour 
is  maintained.  Various  metal  specimens  c  m  be;  used,  and  standard 
ins>pec  tions  are  run  on  the  residues. 

9,  Hydrolytic  Stability  -  Ten  milliliters  of  test  fluid,  9.  G  ml 
of  watt'r,  and  a  weighed  piece  oT  polished  copper  are  placed  in  a  22-ml 
Parr*  peroxide  bomb,  'fhe  bomb  and  contents  are  weighed  before  and  after 
test  to  determine  leakage.  The  bomb  is  rotated  at  5  rpm  m  a  400°  F  oven 

in  the  "coke  bottle"  rig  of  Specification  MIL-H-8446A  for  20  hours.  The 
fluid  is  tested  for  viscosity,  neutralization  number,  and  insolubles.  Weight 
loss  of  the  copper  st  rip  is  also  determined. 

C.  Fngine  Oils 

1.  Spontaneous  Ignitioii  Temperature  -  See  section  on 
hydraulic  fluids ,  page  213. 

2.  SOD  Lead  Corrosion  -  This  method  is  described  in 
Sr-ction  4.5.  12  of  Military  Specification  MIL-L-7808C  for  Lubricating  Oil, 
Aircraft,  Turbine  Engine,  Synthetic  Base,  dated  November  2,  1955. 

2 

2.  Shell  Four-Ball  Wear  -  The  average  sear  diameters'"  from  runs 
at  4,  10,  and  40 -kg  jaw  load  on  the  Shell  Four-Ball  Wear  Tester  are  used  to 

Indicate  the  anti  wear  properties  of  engine  and  hydraulic  oils.  In  this  machine, 
4-  1/2  inch  balls  of  52100  steel  are  mounted  in  a  tetrahedral  arrangement.  The 
lover  three  are  loaded  against  the  upper  ball  which  rotates  at  a  preset  speed. 
Afttu  a  specified  time,  wear  spots  on  the  lower  three  bails  are  measured  with 
the  ai  d  o r  a  Filar  eyepiece  on  a  microscope. 

4.  Kyder  Gear  Test  -  This  method  is  described  in  Section  4.5.7  of 
M  ilba  ry  Specification  MlL-L-’TSORC. 


5.  Panel  Coking  -  This  method  is  described  in  Section  4.  5.  10  and 
refe:  enc  e  literature  of  Military  Specification  MIL-L-7808C. 

G.  Oxidation-Corrosion  at  500°F  -  See  Item  8  above. 


^L\irr  Instrument  Company,  Moline,  Illinois. 

"Average  of  diameter  perpendicular  to  and  parallel  to  the  direction  of 
r'otation. 
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7.  Mean  Hertz  Load  (St  reerang  Test)  -  The  procedure,  equipment, 
and  te<  hruques  are  identical  to  those  described  in  Federal  Standard  Method 
No .  6  >(  3.  Sufficient  i  cads  aie  used  to  determine  the  load  in  kg  required  to 
gn.e  a  1  0  nun  scat  Trim  value  is  related  to  the  Mean  Hertz  Load  obtained 
from  a  full-scale  test  as  shown  in  Figure  42,  this  curve  was  obtained  from 
ninny  rains  over  a  1  mg  period.  Correlation  with  the  full-scale  test  is 
sufficiently  a<  curate  for  screening  test  work! 

8  WADC  Deposit l ori  Test  -  This  method  is  a  later  development  of 
the  panel  coking  test  The  latter-  has  a  questionable  correlation  with  engine 
servo  e  It  is  designed  to  evaluate  the  deposit  and  sludge-forming  tendencies 
of  jet  engine  oils  The  oil  system  is  composed  of  a  "chicken- feeder  type 
reservoir,  a  pump,  a  200-rnrsh  screen  filter,  an  oil  cooler-,  and  a  Pyrex 
coking  furnace  in  which  is  immersed  a  heater  tube.  The  system  oil 
temperature  is  maintained  at  300°  F  oil-in,  '  and  the  heater  tube  at  590°  F. 

A  value  of  ten  times  the  weight  of  coke  formed  on  the  heater  tube  added  to 
the  weight  of  sludge  on  the  filter-  screen  yields  a  number  known  as  the 
Deposit  Hating  .  this  is  the  criten  >n  of  excellence. 

This  method  is  desi  robed  in  detail  in  a  Southwest  Research 
stitute  Report  No.  AVI)  224-19,  dated  March  12,  1957,  covering 
ih'ojoct  No.  <>-(1-3044)  under  WADC  Contract  AF  3  3(  61  f> )  -  3  529 . 

1)  Clear  Oils 

1.  Ryder  Clear  Test  -  This  method  is  described  in  Section  4.5.7  of 
Military  Sp<  >  ification  MIL-L-7808C. 

E.  Fuels 

2  3 

1  .  Thermal  Stability  Test  (CFR  Coker)  ’  -  This  device  is  proposed 

by  the  CFR-AFI)  Fuel  Thermal  Stability  Group  For  testing  the  thermal 
stability  of  jet  fuels-^  In  the  test,  the  fuel  is  preheated  to  a  desired 
temperature  (e  g.  ,  400°  !•  )  and  then  pumped  through  a  filter  (maintained 
at  a  selected  temperature*  (e.  g  ,  500°F)  at  a  given  rate  (e.  g.  ,  ti  pounds 
per  hour)  The  criterion  of  the  test  is  the  degree  of  filter  plugging  by 
the  flue.  Filter  plugging  is  manifested  by  a  pressure  drop  across  the  filter 
T'est  conditions  arc*  typically  written  400  500/6,  indicating  the  fuel 
temperature  in  0  F  ,  the  f  i  Iter-  temperature  in  °F,  and  the  flow  rate  in 
pounds  per-  hour 


*  Unpublished  wank,  California  Research  Corporation. 

*  > 

A  Survey  of  the  Radiation  Stability  of  Jet  Fuels,"  (California  Research- 
A  FC  Report  No  9,  Contract  A  T(  1  1  -  1 )- I  74)  Til)  5.366.  June  30,  1956 
(SECRET  -  RESTRICTED  DATA) 

'  Instruc  tions  for  Operation  and  Maintenance  of  CFR  Fuel  Coker  . 
Coordinating  Research  Council  Manual  No  3.  March  1  ‘57 
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CORRELATION  OF  MEAN  HERTZ  LOAD  WITH  SCREENING  TEST 


2.  Filter  Residue  Test/  -  The  fuel  sample  is  filtered  through 
a  tared  Gooch  c  rucTFile.  Material  adher  ing  to  the  test  unit  is  dissolved  in 
a  suitable  solvent.  Th?  gums  are  precipitated,  and  the  mixture  is  also 
filtered  through  the  Gooch  crucible.  The  crucible  is  washed,  dried,  cooled, 
and  weighed.  The  filter  residue,  correc  ted  for  adsorption,  is  calculated  as 
nig  per  500  ml, 


"Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,  (California 
Research  1956  Summary  Report  on  Contract  AF  33( 6 1 6) -3  1  84 )  WADC 
Technical  Report  56-6  46,  p,  178. 
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SYNTHESIS  OF  DIARYLALKANES  (A.  C.  ETTLINC.) 


Example  -  Svnthesis  of  Phenvl  n-Nonvlphcnvlisodecane 

A  .  Preparation  of  the  Diphenyl  Diket  me 

Nine  hundred  nine  grains  (4.  5  moles)  isosebacic*  acid,  1.  .> 
liters  benzene,  and  about  41  a  grains  (3  moles)  phosphorus  trichloride 
were  stirred  and  warmed  to  120°F  in  a  large  flask.  Stirring  was 
continued  for  30  minutes  and  the  mixture  allowed  to  cool  and  settle. 

The  benzene  solution  of  lsosebac  ie  and  chloride  was  decanted  from  the 
orthophosphorus  acid  into  a  large  separatory  funnel.  The  acid 
chloride  solution  was  added  over  a  period  of  three  hours  to  a  stirred 
mixture  of  3  liters  benzene  and  1.2  kilograms  (i<  moles)  anhydrous 
aluminum  chloride  contained  in  an  enamel  pail.  The  mix  was  stirred  at 
ca .  1G7°F  for  twro  more  hours  before  pouring  onto  a  mix  >f  ice  and 

hydrochloric  acid.  The  benzene  solution  was  washed  with  dilute 
hydrochloric  acid  and  with  water.  After  solvent  removal,  the  diketone 
was  distilled  through  a  G-inch  Vigreaux  column,  collecting  the  fraction 
hoi  Imp  at  390-441  °F  at  0.4  millimeters. 

1 3  .  Red uction  of  Diketone  to  Diphenylisodecane 

A  mixture  of  1.02a  kilograms  (3.18  moles)  diketone,  1000 
milliliter  triethylene  glycol,  34  i  grams  (10  moles)  0b%  hydrazine,  and 
1GC  grams  (2.8a  moles)  potassium  hydroxide  was  stirred  and  heated  at 
20O°F  in  a  5-iiter  monel  flask  for  one  hour.  The  temperature  was 
slowly  raised  to  274°  F  at  which  temperature  much  foaming  and  evolution 
of  gzas  occurred.  Water  was  collected  in  a  Stark  and  Dean  trap.  The 
stirring  arid  heating  was  continued  at  274°  F  for  about  two  hours.  The 
temperature  was  gradually  raised  to  420°  F  and  the  mix  stirred  for  12 
hours.  After  cooling,  water  and  benzene  were  added.  The  aqueous  layer 
was  discarded.  The  benzene  solution  was  water  washed,  dr  ied,  filtered, 
nnd  the  solvent  was  then  removed.  The  diphenylisodecane  wan  distilled 
through  a  G-irich  Vigreaux  column,  and  the  fraction  boiling  330-37(°E 
at  0,15  in  m  was  collected. 

C.  Acylation  and  Reduction  to  Obtain  the  n-Nonyl  Alkyl  Group 

One  and  me -ha If  moles  of  diphenylisodecane  was  a<  vlateb  with 
0.5  mole  pelargonyl  chloride  as  m  Step  A,  and  the  excess  diphenyl 
isodecane  was  removed  by  distillation  The  ketone  was  reduced  as  in  Step  B 
using  2  moles  hydrazine  hydrate  per  mole  ketone  and  the  fir  xlwc*  distilled. 


li  .  S  Industrial  (  he  mi  cals  Co. 
A 
C 


.  .  lii  V  <  1  1U  i  ’  Vi  A  V  *  «  c  \  •  n/  . 

Approximate  \  72-80%  2-ethyl  suberic  an 

1  8%  2,  o-rhethvl  adipir  , 

composition  , 

l  n -  1  0%  ,-;cba<  ie  acid 


acid 
acid 
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in  .some  syntheses,  n-heptane  was  usee:  as  an  ini  rt  diluent  to 
facilitat"  mixing  in  Step  A.  The  temperature  of  acylation  (120-  170°  F)  was 
not  '  ritical.  In  the  Woiti  -  Kisehner  reduction,  hydrazine  hydrate  could  he 
substituted  for  't 5 -*-^4  hydrazine.  Also,  the  amount  of  alkali  was  varieo  witnout 
ui\i  r.se  effect.  The  temperature  at  which  rapid  hycrazone  decomposition 
or  iii'ri.‘(  variet  v.'th  the  particular  compound  being  reduceo. 

Several  .attempts  were  made  to  introduce  a  2-ethylhexyl  group  into 
a  iromatie  nuebus  by  acvlation  with  2 - ethvlhexoyl  chloride.  Reduction  of 
the  ketone  by  the  Wolff- Kisehner  method  failed.  The  unsuccessfully 
reduf  re  ketones  were: 

n-c;r<"  /-c-c-c4  .  r>-«<  >c-c-c4  . 

c2  '  “  C, 

0 

\  11 

and  n - C 9 -y  -C-C-C4  • 

^  Co 


Recovery  of  th*-  tint  hanged  ketones  was  surprising  in  view  of  the  similarity 
between  these  strut  tures  and  the  diketone  precursor  of  diphenylisodecane. 

I  wo  attempts  to  prepare  diar ylalkanes  by  reacting  terminal  - 
di ha loalkaru  .-  with  alkylbenzenes  in  the  presence  of  aluminum  chloride 
were  unsuccessful.  Similarly,  two  attempts  to  prepare  the  following 
ia rylalka nes  from  oleic  acid  and  undecylenic  acid  failed: 


Acylation  of  the  double  bond  followed  by  conversion  to  the  acid  chloride, 
•eylation  of  benzene,  and  reduction  of  ketone  were  to  be  followed.  The 
.synthesis  of  these  compounds  was  not  pursued  in  view  of  the  unpromising 
initial  results. 
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A  V  P  i:  N  I)  I  X  III 


SYNTHESIS  OF  500-POPNn  BATCH  OF  C1.i„1r)- 
ALKYL  DIPHENYL  ETHER  (A.  C.  L'TTLING) 


A  Pfaudler  glass-lined  kettie  was  charged  with  895  pounds 
diphenyl  ether,  °  pounds  chloroform,  and  20  pounds  anhydrous  aluminum 
i  hiuriii",  The  temperature  was  kept  at  I..0'F  while  charging.  Three 
hundreo  pounds  ('14.1  6  alpha-olefins  (A  rrher-Damels- Midland)  was 
then  added  over  a  period  of  two  hours  while  the  temp*  rature  was  held  at 
130-150°F.  Stirring  at  1  20-150°  F  was  maintained  for  an  additional  two 
hours.  The  mix  was  washed  with  dilute  acid,  water,  and  dilute  sodium 
bicarbonate  solutior..  After  filtering,  the  yield  was  1133  pounds.  Crude 
alkylate,  in  the  amount  of  11  18  pounds,  was  topped  to  375°  F  at  9  mm 
pressure  to  remove  excess  diphenyl  ether.  The  yield  of  bottoms  product 
was  467  pounds.  Samples  of  the  bottoms  product  were  distilled  in 
laboratory  equipment.  Physical  data  are  in  Table  VIII  and  yield  oata  in 
Table  XCI. 

The  olefin  used  for  this  batch  contained  a  large  amount  of 
hexadecenc,  unlike  earlier  samples  used.  The  viscosity  index  and  pour 
point  of  the  final  product  were,  therefore,  slightly  higher  than  the 
values  previously  reported  for  laboratory  samples  as  follows: 


j 

Laboratory  Sample ^ 

r  ■  . . . . 1 

Appendix  III  Sample2 

Viscosity  Index 

112 

1  14 

Pour  Point 

-45 

- 15 

I 

" Effects  of  Radiation  on  Aircraft  Lubricants  and  Fuels,"  (California 
Research  1°56  Summary  Report  on  Contrret  AF  33(616)-3184)  WADC 
i  e  hnical  Report  56-64  6,  p.  21. 

2  See  Table  VIII,  p.  1  1. 
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After  removing  solvents,  unreacted  starting  material,  and  light  end 


A  P  P  E  NDIXi; 


TEN-POUND  PKEPA RATION  Ob  POLY- 
DODECYL  DIPHENYL  ETHER  (D.  R.  WiLGUS) 


Two  simultaneous  experiments  were  conducted  using  the 
foliowing  procedure.  A  3-1/2  gallon  enamel  pail  was  charged  with  2  2  kg 
(6  5  moles)  mono-sec -dodecvl  diphenyl  ether  (boiling  range  358-412°  Vj 
0.5  mm),  217  g  ( 1 .  6  moles)  anhydrous  aluminum  chloride  ( Merck) ,  and 
65  ml  (0.8  mole)  chloroform  (Baker).  The  mixture  was  stirred  and 
heated  to  1 40°  F .  1  -Dodecene  (Humphrey- Wilkinson),  2.733  kg  (16  2)  moles), 

was  added  from  a  dropping  funnel  at  such  a  rate  that  a  reaction  temperature 
of  140-1  67°  F  could  be  maintained.  After  completion  of  monomer  addition 
(approximately  three  hours),  the  reaction  mixture  was  stirred  at  140°F  for 
an  additional  three  hours.  A  sufficient  volume  of  benzene  was  then  added 
to  facilitate  transfer  and  workup  of  the  product.  Washings  of  the  benzene 
solution  were  made  with  dilute  hydrochloric  acid,  dilute  sodium 
bicarbona'e,  and  water.  The  solvent  was  removed  under  reduc  ed 
pressure  and  the  product  was  topped  to  590°  F  overhead  and  642°  F  bottoms 
at  about  1/2  mm  pressure.  The  bottoms  product,  57%  of  total,  was  filtered 
through  Celite.  Properties  are  summarized  in  Table  VIII, 

Reference  5158-36. 
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A  I'  C  h  N  I)  1  X  V 


SYNTHESIS  Oh  B1S(TKII)L<  YL)  SEEENTDE  (A.  C  ETTLING) 


lasing  the  following  procedure  about  3  pounds  of 
bis(tnde«  yl)  selemde  can  he  prepared  pei  run  This  is  as  large  a  scale 
;e  is  c  mvement  for  working  in  a  12 -liter  flask  (Experiment  5136-6) 

A  Preparation  of  Sodium  Scdenide  (('are'  Selenium 
and  Some  Selenium  Compounds  Are  Toxic) 

Selennin  metal  powder  (4  10  g,  5.  2  moles)  was  added  with  stining 
to  a  hot  solution  of  2000  g  (30  moles)  of  sodium  hydroxide  dissolved  in 
8  liters  of  water  in  a  12  liter,  three-nock  flask.  The  flask  was  heated  by  a 
s  tea  rn -heated  water  bath.  I  he  mixture  was  stirred  for  one  hour  at  It37  -  1  76°F 
to  disperse  t)ie  selenium,  and  93M  g  (6  moles)  of  "Hongalite  CX  (General 
Dyestuffs  Corporation  trade  name  for  IK  TIC)  NaHSOo  •  2IT'0)  was  then  added 
>n  small  portions  over  a  !wo-ti  uir  period.  The  flask  was  purged  with  pure 
nitrogen  during  this  time.  The  temperature  was  maintained  at  167-  1  76°  F 
during  the  Kongalrte  addition,  and  stirring  was  continued  for  four  hours 
at  this  temperature  after  the*  addition  was  completed.  The  mixture  was  then 
cooled  slowly  to  room  temperature.  (If  cooling  is  rapid,  the  sodium  selenide 
precipitates  as  very  fine  c  rystals  winch  are  difficult  to  separate  and  wash.) 

After  standing  for  J2  to  48  hours,  the  mother  liquors  were  decanted.  The 
crystals  were  washed  by  decantation  with  about  3  liters  of  absolute  alcohol. 

A  nitrogen  stream  was  maintained  m  the  apparatus  during  these  operations  to 
avoid  air  oxidation  of  the  sodiun  scdenide. 

B.  Re  action  of  Oxo- Tridecyl  Bromide  and  Sodium 
Selemde  to  Give  Bis(tr idecyl)  Selemde _ 

The  flask  contain,  g  the  sodium  selemde,  prepared  as  described, 
was  titted  with  a  reflux  condenser,  dropping  funnel,  and  stirrer.  Absolute 
alcohol  (6  liters)  was  added,  the  mixture  heated  to  reflux  temperature,  and 
21  7 1 >  g  (8.  28  moles)  of  Oxo-triciecyl  brom  ide  •  added  over  a  period  of  two 
hours.  To  insure  complet’on  of  the  reaction,  the  mixture  was  refluxed  with 
stirring  for  four  hours.  After  cooling,  the  liquid  was  decanted  into  a 
separatory  funnel.  The  inorganic  salts  in  the  flask  were  washed  with  benzene 
several  times,  with  the  benzene  solutions  being  added  *o  the  material  in  the 
separatory  funnel.  Water  was  then  added  to  the  separatory  funnel  and  the 
aqueous  alcohol  layer  discarded.  The  benzene  solution  of  the  crude  product 
was  water  washed,  dried  over  sodium  sulfate,  and  filtered.  The  crude 
product  was  t  >pped  in  a  simple  still  to  a  bottoms  temperature  of  3.30°  F  at 
1  mm.  (Higher  temperature  causes  decomposition.)  The  bottoms  product 
was  treated  with  Norite  A  to  improve  its  color.  Yield  of  product 
containing  It’ .  9a>  selenium  was  141:3  g,  77 %  of  theoretical. 

'  From  hhrjay  Oxo  - 1  r  i  dec  y  l  alcohol  by  the  method  of  Organic  Syntheses,  Coll.  Vol. 

\  24  0 .  b.  p.  211  230°  F  at  2  mm. 
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A  P  P  K  N  D  1  X  VI 


POLYMERIZATION  OF  A  I.PHA  -  METH  YLSTYKENE  (I).  K.  WILGIJS) 


The  apparatus  used  for  homopolymerization  of  alpha  -methylstyrene 
consisted  of  a  2-htei  resin  flask  fitted  with  a  <.  undenser,  stirrer,  and 
thermometer.  A  slurry  of  Dry  lee  arid  acetone  was  en  ployed  as  an  external 
cooling  medium.  A  catalyst  tune  (100-300  ml)  was  placed  alongside  the  reactor 
and  connected  to  it  to  inject  catalyst  solution  under  slight  nitrogen  pressure. 
Adequate  circulation  of  coolant  was  maintained  b\  a  separate  stirrer.  The 
general  procedure  for  polymerization  was  as  follows  The  monomer  (Dow 
Chemical)  and  methyl  chloride  (Du  Pont)  were  charged  to  the  resin  flask  and  cooled 
to  the  desired  temperature.  Methyl  chloride  (100-300  ml)  was  also  charged  to 
the  catalyst  tube.  After  cooling  it  to  the  reaction  temperature,  boron  trifluoride 
(Matheson)  was  bubbled  in  at  a  moderate  rate  for  a  period  of  20  minutes 
partially  to  saturate  the  solvent.  The  precooled  catalyst  solution  was  then 
pressured  through  a  small  glass  orifice  to  produce  a  spray  on  the  rapidly 
agitated  reaction  mixture.  The  injection  jet  was  placed  about  1  inch  above 
the  surface  of  the  mixture.  The  feed  rate  of  catalyst  solution  varied  with  the 
polymerization  temperature.  After  polymerization,  the  reaction  mixture  was 
poured  into  precooled  methanol  to  precipitate  the  polymer.  The  recovered 
product  was  dissolved  in  benzene.  The  solution  was  filtered,  and  the  polymer 
was  again  precipitated  with  methanol.  The  recovered  polyGu !pha  -  methylstyrene) 
was  then  dried  to  constant  weight  in  a  vacuum  oven  at  2ldcF 

Polymerizations  involving  the  use  of  concentrated  sulfuric  acid 
were  conducted  m  a  similar  manner.  A  microburette  was  substituted  for 
the  catalyst  tube  previously  described,  and  the  acid  (General  Chemical, 

9  5. 5 5%)  at  room  temperature  was  added  to  the  precooled  mixture  of 
monomer  and  solvent 
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A  P  P  E  N  1)  I  X  VII 


ALKYLATION  Ol  POLY(  ALPHA  -  METHYLSTYRENE)  (D.  R.  WILGUS) 


A  solution  of  10  g  of  polymer  in  22,o  g  of  o-dichlorobenzene 
(  Kastman  9CM%)  was  charged  to  a  1 -liter  copper  reaction  vessel  equipped 
with  <m  inlet  tube  at  the  top,  an  outlet  valve  at  the  bottom,  and  a  stainless 
steel  stirrer.  Fifty  ml  of  propylene  tetramer  (molecular  weight  108 
by  bromine  number  determination)  was  added  and  the  mixture  cooleo  to  41°  I-'  in 
an  ice  bath.  Liquid  hydrogen  fluoride  (General  Chemical),  75  ml,  was  added 
t  o  the  rapidly  agitated  mixture,  and  stirring  was  continued  for  a  period  of  one 
t  o  s  ix  hours . 

The  polymer  solution  was  separated  from  the  hydrogen  fluoride 
via  the  drainoff  valve  at  the  bottom  of  the  rear  tor  and  poured  into  a 
cold  caustic  solution  with  good  stirring  to  neutralize  any  residual  catalyst. 

'The  organic  layer  was  separated  and  water  washed.  The  alkylated  polymer 
was  then  precipitated  with  methanol  and  redissolved  in  benzene.  The  benzene 
solution  was  filtered  and  the  polymer  reprecipitated  with  methanol.  This 
procedure  was  repeated.  The  product  was  dried  to  constant  weight  in  a 
vacuum  oven  at  2  1  2°  F  . 


O  or 

V  i 
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EK  EBAKA  I  ION  OI 


ALk\ Ll’ULNUWi:  IHVI.  METHACRYLATE  (I).  H.  WIECUS) 


A .  (.  )x  y  e  ’  nyl.it  ion  of  Alkyl  phenol 

Hu1  alkvlphenol  wax  obtained  locally  at  California  Research  ind 
was  prepared  by  alkylating  phenol  with  an  equimolar  amount  of  propylene 
ted  earner .  A  12-liter  capacity,  high  p ressure  \nanco  rocker  bomb  was 
charge  d  with  1.3  kg  of  the  alkvlphenol  and  20  g  sodium  hydroxide.  A  total  of 
Jf'9  g  ethylene  oxide  (Carbide  and  Carbon)  was  pressured  into  the  vessel  at 
sue  h  a  rate  that  the  reaction  temperature  could  be  maintained  at  248-261)°  I  . 
The  pressure  of  the  syste  m  did  not  exceed  eight  atmospheres.  The  mixture 
was  held  at  reaction  temperature  for  four  hours  after  all  oxide  had 
been  added  to  insure  complete  reaction.  Thu  produc  t  was  discharged  from  the 
vessel  after-  suitable'  cooling. 

\  solution  of  400  g  of  product  in  1  liter  of  ben/eue  was  treated  with 
hydrochloric  acid  to  neutralize  the  caustic  .  The  solution  v>a.->  dried  in 
azeotropic  distillation  and  filtered  through  (’elite.  Hydroxyl  deternvnatron  of 
an  aliquot  of  the  filtrate  indicated  slightly  more'  than  I  mole  of  ethylene  oxide' 
per  mole  of  alkvlphenol. 

B  Be  action  of  Alhnlphenoxyethanol  With  Methaervlvl  Chloride1 

The  monomer  was  prepared  by  dropwise  addition  of  1  0%  <  xeess  of 
theory  methac  rvlyl  chloride  (Monomer -Bolyrne-r)  to  a  stirred  40%  benzene1 
solution  of  the  aikylphenoxyothanol  containing  a  10%  excess  of  triethylannne 
(Eastman).  The  te rnpe rature'  rose  from  room  temperature  to  135°F.  Quinone 
inhibitor  (Eastman),  0.  14%  ny  weight  (based  on  monomer),  was  added  after 
completion  of  the1  methaervlvl  chloride  addition.  The  mixture1  was  maintained 
at  135  -140°  E  for  five  hours.  A  small  amount  of  methanol  was  th<  n  neided, 
and  heating  was  continued  for  another  hour'  to  insure  complete.1  reaction  of  the? 
monornerie  chloride.  Methyl  methacrylate  end  excess  rrudhanol  were1  removed 
by  azeotropic  distillation  under  reduced  pressure.  The  solution  was  filtere'd 
to  remove  the  amine  hydrochloride.  The  filtrate1  was  washed  with  2r  caustn 
solution  and  with  water.  It  was  then  concentrated  to  give  npproxi  matedy  a  50% 
solutior  of  the  alkylphenoxyethyl  methaerviate* .  Analysis  by  saponification  and 
hydroxyl  numbers  indicated  a  monomer  purity  of  83%. 


« 


•V  A  DC  TH  56-646  Bt  II 


227 


A  P  P  E  NDiX  IX 


POLYMERIZATION  OF  ALKYLPHENOXY ETHYL 
METHACRYLATE  (D.  R.  WILGES) 


The  following  procedure  was  adopted  for  the  solution  polymerization 
of  a  lk  ylphenoxyethyl  methacrylate  A  500-rr.l  three-neck  flask  fitted  with  a 
s  timer  thermometer,  and  reflux  condenser  was  charged  with  a  50%  benzene 
solution  containing  100  g  if  monomer.  The  solution  was  swept  with  nitrogen 
and  the  appropriate  amount  of  Ct.X' -azodi  -  i sobutyronitrile  (Eastman)  catalyst 
added  The  mixture  was  stirred  and  heated  at  reflux,  204CF,  under  a 
nitrogen  blanket  for  eight  hours.  The  polymer  was  precipitated  twice  from 
benzene  with  methanol.  It  was  redissolved  in  benzene  and  the  solution 
filtered.  The  solvent  was  stripped  ©ff,  and  the  residua!  polymer  was  dried  to 
constant  weight  m  a  vacuum  oven  at  2l2“F. 
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ISOTHERMAL  HULK  MODULUS  OF 
HYDRAULIC  FLUID  -  HYDROGEN  MIXTURES  1)1 
(R.  L  FEELER  AM)  H.  S.  YAPLEE 
CALIFORNIA  RESEARC  H  C'OR  1X)RA  1  ION 
RICHMOND  AND  LA  HABRA,  CALIFORNIA) 


Pressure  vo!  unu* -temperature  measur  ements  were 
made  on  three  aircraft  hydraulic  fluids,  both  alone  and  with 
added  hydrogen.  Apparatus  in  which  mercury  was  the 
pressurizing  medium  was  used  Pressures  ranged  !rom 
atmospheric  to  5000  psi  and  gas -liquid  ratios  from  0  to  "Jo 
Measurements  were  taken  at  80°  F  with  MIL-O  560G  fluid 
and  at  80°  I'  200°F,  and  80O°F  with  Or  omte  8200  fluid  ami 


C 


1  4  - 1  G 


ikvl  diphenyl  ether 


Isothermal  hulk  modulus  was  calculated  for  both  the 
one-  and  two-phase  regions.  Separation  of  even  a  small 
gaseous  phase  caused  a  large  decrease  it'  hulk  modulus 
Hydrogen  saturation  pressures  were  determined  from  the 
inflection  points  of  the  pressure  volume*  curves.  The 
solubility  of  hydrogen  m  the  fluids  is  proportional  to 
pressure  and  increases  with  increasing  temperature. 


INI  RODUCTION 


Bulk  modulus  is  one  of  tiie  i  ritical  design  parameters  affecting 
the  performance  of  hydraulic  servomechanisms.  On  exposure  of  a  hydmuln 
system  to  nuclear  radiation,  evolution  of  gas  by  the  hydraulic  fluid  is  one  of 
the  major  problems.  The  low  bulk  modulus  of  gas  compared  to  the  hydraulic 
fluid  may  cause  the  system  to  I  ecomo  unstable  or  otherwise  adver  sely  affect 
performance.  The  object  of  this  investigation  was  to  determine  the 
relationship  between  the  amount  of  gas  present  and  the  hulk  modulus  of  the 
gas -hydraulic  fluid  system 

A  study  of  the  effect  of  entrained  air  on  isothermal  compressibility 
of  AN-0-3GG  fluid  at  63°  F  was  made  In  Campbell4  .  Calculated  and  measured 
compressibilities  were  found  to  be  in  good  agreement.  Wood"  had  calculated 
the  hulk  modulus  of  a  mixture  of  two  fluid  phases  in  the  region  well  below  the 
resonant  frequency  to  lie. 


B,  R, 

R  =:  fT-'xriv  -txtt;;  - 

where  B  =  bulk,  modulus  of  mixture 
Bj  ,  B0  =  hulk  modulus  of  the  two  components 
~X=  volume  fraction  of  first  c  ornponent. 

*  Pape r  presented  at  the  Second  W5  125A  Symposium  ori  Radiat  on  Effects, 
Columbus,  Ohio,  October  23,  1  07. 

^Numbers  refer  to  bibliography  at  end  of  paper 
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This  expression  has  been  found  to  be  highly  accurate  for  sonic 
vei  n  ity  measurements  in  a  liquid  -  liqi  id  emulsion^  and  to  be  within  the 
mother  la  r  ge  eiypero  mental  error  for'  air  bubbles  dispersed  in  water"*. 
Tnngren,  et  al  .  have  studied  flow  of  air-water  mixtures  through  a  de  Laval 
n  r/.y.  le.  K^u  an  nis  of  state  and  motion  were  derived  assuming  negligible 
(  omp  res  sib  1 1  it  v  of  the  water  phase  and  were  <  on  pared  with  experimental 
r  »_■  s  u  1 1  s . 


Propagation  of  pressure  impulses  through  a  gas- liquid  mixture 
has  been  shown  to  bo  dependent  >n  both  the  degree  of  dispersion  of  the  two 
phases  and  the  frequency  of  the  input  signal  A  dispersion  of  gas  bubbles 
m  liquid  was  calculated  by  Minnaert’1  to  have  a  characteristic  resonant 
!r  e<|uenc\  given  approximately  by  the  expression 

,  3  '/V  1  2 

•o  2  :ir  ( 

o 


writ1  re 
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1  o 


K 

o 
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resonant  f requeue y 
radi us  of  bubble 

r  atio  of  specific  heat  at  constant  pressure  to  specific 
heat  at  constant  volume 

static  pressure  >f  bubble 


d  =  dens  i  ty  of  1 1  qu i  d 

Meyer  and  Tan  m  *  n  ensured  tinese  resonant  frequencies  for  several 
gas-  liquid  combinations,  wi  ile  Meyer  and  Skudrzyk#  derived  equations  for  the 
complex  compressibility  of  the  resonant  region.  Fox,  et  al.^,  have  confirmed 
these  equations  by  measuring  phase  velocity  through  an  air- water  mixture  over  a 
wide  frequency  range.  Fortunately,  the  resonant  frequencies  for  expected 
conditions  are  above  those  usually  encountered  in  hydraulic  systems.  Therefore, 
compressibility  measured  under  static  conditions,  even  in  the  presence  of  gas, 
is  applicable  to  almost  all  hydraulic  system  calculations. 


IDENTIFICATION  OF  RAMOLYSIS  GASES 


Three  hydraulic  fluids.  MIL-0-5600  fluid,  Oronite  Hi  ;h  Temperature 
Hydraulic  Fluid  8200,  and  -alkyl  diphenyl  ether,  were  selected  for 

use  in  this  investigation  These  are  typical  of  petroleum,  silicate  ester, 
and  alkyl  aromatic  fluids,  respectively.  Ti.e  last  material  is  representative 
d'  a  promising  class  of  radiation  resistant,  high -temperature  base  stocks. 

To  determine  the  nature  of  the  volatile  radiolysis  products,  10 -ml 
samples  were  irradiated  in  the  Materials  Testing  Reactor  gamma  facilit;  at 
Arc  Idaho.  1  he  samples  were  contained  under  a  helium  atmosphere  in 
l'\ pc  4i(  stainless  sted  capsules  Following  irradiation,  gases  were  bled 
off  to  a  final  pressure  less  than  atmospheric  and  analyzed  by  mass  spectrograph. 
Ke.Milts  arc  shown  in  Table  XCIi  Hydrogen  is  by  far  the  most  prominent 
product  I'hereforo,  in  ‘he  bulk  modulus  work,  only  hyd  gen  was  added  to  the 
hydraulic  fluids  to  simplify  the  procedure. 
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Table  Xt'Il 


Composition  of  Kadiolvsis  (las  From  Hydraulic  I-  luids 


MIL-  0-5606 

Fluid 

8 20  0  Flu. 2 

r: ,  ,  sTCvrn 

1  4  -  1  !' 

Finer- 

Dosage,  .r 

3.  4  .<  108 

3.  0  1(  8 

O 

3  4  x  i  0 

Tern:  mature  of  1  rradiat  i  o:i ,  CF 

80 

80 

400 

n  1  Gas  Evolved  ml  Fluid  at 

STP 

1  3.  4 

12  2 

3  2 

Composition  of  Gas,  Mole  % 

llvdrogen 

o  1  2 

83  6 

\4.  o 

Me  tha  n  e 

- 

2.  8 

1  4 

Ethane 

0.  5 

4.  0 

1  .  ' 

Eth  vie  no 

0.  1 

- 

0  6 

Propane 

- 

- 

0  4 

Propylene 

0.  1 

- 

0.  2 

Bu  tane  s 

0.  1 

0.  5 

0.  2 

Butene  s 

1 

- 

0  2 

Pe  n  lanes 

- 

0.  5 

- 

Pentenos 

- 

- 

0.  ! 

Carbon  Monoxide 

3.  7 

8  3 

- 

Carbon  Dioxide 

1  .  3 

0.  3 

- 

Other 

3  0 

- 

- 

DESCRIPTION  OF  APPARATUS 

Pres  sure -volume -temperature  measurements  were  made  in  the 
apparatus  described  by  Standing"  .  This  equipment,  shown  diagram  mat  ica  1  ly 
in  Figure  43,  consists  of  a  pressure  cell  equipped  with  an  induction  stirrer 
where  equilibrium  can  be  obtained  between  gas  and  liquid  phases,  a  controlled 
te  'ripe  rat  a  re  oven,  a  pressurizing  system  for  injecting  mercury  into  the  cell, 
a  traveling  rod  carrying  an  electrical  contact  to  determine  the  location  of  the 
me  rcury- fluid  interface,  and  appropriate  gages,  connections,  etc.  After  the 
fluids  were  degassed  by  vacuum  evacuation,  mercury  was  pumped  in  under 
pressure,  the  location  of  the  fluid -mercury  interface  being  measured  bv 
position  of  the  traveling  rod. 

Where  the  bulk  modulus  of  gas  liquid  mixtures  was  to  be  measured 
the  maximum  hydrogen- fluid  ratio  was  introduced  into  the  cell  and  pressure 
volume  n  easurements  made  after  stirring  at  each  pressure  to  establish 
cquilibnu:  Measured  quantioes  of  hydrogen  were  removed  in  a  stepwise 

manner  to  obtain  lower  ratios.  Because  of  the  relatively  high  volatility 
of  MIL  0-560  0  fluid,  removal  of  hydrogen  at  200°  F  and  300°  F  would  have 
resulted  in  losn  of  fluid,  vitiating  subsequent  volume  measurements.  Therefore, 
measurements  were  not  made  of  bulk  modulus  of  MIL-O-5606  fluid  -  hydrogen 
mixtures  at  these  two  temperatures, 
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FIG.  i»3  -  SKETCH  OF  P-V-T  CELL 
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In  the  first  series  of  measurements,  that  of  3200  fluid  at  80°  F, 
the  positions  of  the  traveling  rod  were  calibrated  using  the  average  of  two 
previously  repor  ted  values  for  the  isothermal  bulk  modulus  of  gas -free 
82(  0  fluid  The  average  value  was  within  3%  of  the  individual  values  which  were 
(1)  P-V-T  data  from  Boeing  Airplane  Company*1  and  (2)  values  calculated  from 
the  adiabatic  bulk  modulus  obtained  from  ultrasonic  velocity  measurements'* 
For  all  other  runs,  a  subsequent  calibration  based  on  measurements  at  80°  F 
on  degassed,  distilled  water  compared  with  the  known  hulk  modulus  of  water*  - 
wa  s  used . 


EXPERIMENTAL  RESULTS 

Pres  sure -volume  measurements  were  made  on  MIL-O-5606 
fluid,  Oronite  8200  fluid,  and  Cb,  .--alkyl  diphenyl  ether  at  80°  F,  200°  F, 
300°F,  and  on  mixtures  of  hydrogen ~with  8200  fluid  and  C.,  .--alkyl  diphenyl 
ether  at  80°F,  200°F,  and  300°  F  and  with  MIL-O-5606  fluid  at  80°  F  The 
pressure  range  covered  was  from  atmospheric  to  5000  psi.  and  the  hydrogen - 
fluid  ratio,  from  about  2  to  25,  was  arbitrarily  chosen  to  cover  a  wide  range 
of  conditions  Typical  pressure-volume  data  for  8200  fluid  at  200®  F  are 
showr  in  Figure  44  The  gas-hquid  ratio  is  defined  as  the  volume  of  hydrogen 
corrected  to  0°  C  and  700  mm  divided  by  the  volume  of  the  fluid  at  the  test 
temperature  and  atmospheric  pressure.  The  bubble  point  of  the  hydrogen-fluid 
system  can  be  easily  determined  from  the  point  of  inflection  of  the  pressure- 
volume  curve . 


Isothermal  bulk  modulus,  defined  as 


B  =  -v  (-^£) 
l  (7  v  1 

where  B^,  =  isothermal  hulk  modulus 
v  =  volume 
p  =  pressure, 

was  determined  by  measuring  graphically  the  slope  of  the  smoothed  pressure - 
volume  curves  and  substituting  in  this  equation.  Results  are  given  for  8200 
fluid  m  Figures  45,  40,  47,  for  C.^  ,  ^ -alkyl  diphenyl  ether  in  Figures  48, 

40,  and  50,  and  for  M1L-O-5606  fiuio  in  Figure  51  .  The  data  can  be  summarmod 
as  follows: 

1  Separation  of  a  gaseous  phase  causes  a  very  large  reduction  in 
buiK  modulus  even  at  pressures  only  slightly  below  the  saturation  pressure. 

Thus,  in  Figure  45,  at  a  5.6  gas. liquid  ratio,  the  bulk  modulus  drops  abruptly 
from  3  83,  000  psi  to  29,000  psi  when  the  pressure  is  decreased  through 
152  5  psia. 


2.  Dissolved  gas  decreases  bulk  modulus  as  the  quantity  of  gas 
increases.  This  effect  is  small  compared  to  the  reduction  caused  by  the 
presence  of  a  gas  phase 
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PRESSURE,  PSIA 


FIG.  4U  -  PRESSURE- VOLUME  MEASUREMENTS  FOR  HYDROGEN 
8200  FLUID  MIXTURES  AT  200°F 
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FIG.  45  -  ISOTHERMAL  BULK  MODULUS  OF  HYDROGEN 
8200  FLUID  MIXTURES  AT  80°F 
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ISOTHERMAL  BULK  MODULUS, PSI 


PRESSURE,  PSIA 


FIG.  47  -  ISOTHERMAL  BULK  MODULUS  OF  HYDROGEN 
8200  FLUID  MIXTURES  AT  300°F 
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ISOTHERMAL  BULK  MODULUS.  PSI 


PRESSURE. PSIA 


FIG.  48  -  ISOTHERMAL  BULK  MODULUS  OF  HYDROGEN 
C 14 -  |g- ALKYL  DIPHENYL  ETHER  MIXTURES  AT  80°F 
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ISOTHERMAL  BULK  MODULUS.  PS  I 
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FIG.  49  -  ISOTHERMAL  BULK  MODULUS  OF  HYDROGEN 
c 14- | O- ALKYL  DIPHENYL  ETHER  MIXTURES  AT  200°F 
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ISOTHERMAL  BULK  MODULUS.  P5I 
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FIG.  51  -  ISOTHERMAL  BULK  MODULUS  0T  HYDROGEN 
MIL-0-5606  FLUID  MIXTURES 
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3  Over  the  temperature  range  measured  the  degassed  fluids  in 
order  of  decreasing  isothermal  bulk  modulus  are.  C.  .  .  -alkyl  diphenyl 
ether,  MIL-O-560G  fluid,  and  8200  fluid.  Earlier  adiabalnj  bulk  modulus 
measurements'  '  have  also  shown  8200  fluid  to  be  more  compressible  than 
MIL-O-5606  fluid  at  80-300° F  but  to  be  less  compressible  at  temperatures 
above  400°  F 

Saturation  pressures  for  each  hydrogen  hydraulic  fluid  ratio  were 
determined  from  the  bends  m  the  pressure- volume  urves  The  data  are 
plotted  in  Figure  f>2.  The  soluoility  of  hydrogen  is  directly  proportional 
to  pressure,  within  experimental  error,  shownng  conformity  to  Henry's  law. 
The  solubility  of  hydr  )gen  increases  in  8200  fluid  and  C.  -alkyl  diphenyl 
ether  as  the  temperature  increases.  This  result  is  in  agreement  with  the 
known  behavior  of  hydrogen  in  lubricating  oils'  ^  and  organic  solvents'"*.  The 
Bunsen  solubility  coefficients  (volume  of  gas  corrected  to  0°  C  and  760  mm 
for  each  volume  of  liquid  at  the  test  temperature  under  a  760  ram  partial 
pressure  of  gas)  have  been  calculated  and  are  listed  in  Table  XC11I  and  plotted 
in  Figure  53.  The  order  of  decreasing  solvency  for  hydrogen  is:  8200  fluid, 
MI L-O- 5606  fluid,  C .  ,  .  -alkyl  diphenyl  ether. 

Table  XCIII 


Bunsen  Solubility  Coefficient  for  Hydrogen 

Dissolved  in  Hvdraulie  Fluids 
_ — _ _ - _ _ _ «. - „ - - - - - 


1 

Solubility  Coefficient, 

Vol  Gas*  Vol  Liquid;  Atm  at 

Fluid 

80°  F 

200°  F 

300°  F 

8200  Fluid 

0 .  v  5  2 

0.  068 

0.  077 

Cl  4 -16  "Alkyl  Diphenyl 
Ether 

0.041 

0.  051 

0.  063 

1  MI  L-O  5606  Fluid 

0.  0  49 

— 

-  J 

*  Corrected  to  0°  C  and  760  mm. 


CONCLUSIONS 

Hydrogen,  the  principal  radiolysis  product  of  three  representative 
hydraulic  fluids,  causes  a  large  reduction  in  bulk  modulus  if  present  in 
sufficient  quantity  to  form  a  separate  gaseous  phase.  Dissolved  hydrogen 
causes  only  a  small  reduction  in  bulk  modulus.  Therefore,  it  is  highly 
desirable  tc  keep  the  lowest  pressure  is:  the  operating  portion  of  the  hydraulic 
system  above  the  saturation  pressure  of  the  quantity  of  hydrogen  expected 
to  be  evolved.  Increasing  the  temperature  of  the  hydraulic  fluid  and,  thus, 
increasing  the  solubility  of  hydrogen  (within  the  range  covered  in  this  work) 
is  one  means  of  reducing  the  minimum  pressure  allowable.  For  prolonged 
operation  or  use  in  strong  radiation  fields,  bleeding  of  dissolved  hydiogen 
from  the  system  appears  essential. 
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SOLUBILITY  OF  HYDROGEN,  VOL.  AT  0*C  AND  760MM/V0L.  FLUID 


FIG.  52  -  SOLUBILITY  OF  HYDROGEN  IN  HYDRAULIC 

FLUIDS 
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BUNSEN  SOLUBILITY  COEFFICIENT.  VOL  GAS/ VOL.  LIQUID/ATM 


1  he  C  g -alkyl  diphenyl  ether  has  a  much  lexer  pas  evolution 
rate  and  higher  initial  nuik  modulus  than  the  8200  or  MIL-O-5606  fluids, 
and  this  more  than  compensates  for  a  slightly  lower  solubility  for 
hydrogen  in  the  ether.  1'he  use  of  alkyl  aromatic  hydraulic  fluids,  such  is 
one  based  on  Cj^  ^  -alkyl  diphenyl  ether,  offers  an  opportunity  for 
substantially  extenmng  the  radiation  dosage  which  the  hydraulic  system 
can  tolerate  before  bulk  modulus  drop  limits  system  performance. 
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APPENDIX  XI 


CALCULATION  OF  BULK  MODULUS 
(R.  L.  PEELER) 


Because  of  the  importance  of  the  two-phase  regim  in  limiting 
hydraulic  system  performance,  a  comparison  of  calculated  and  measured 
bulk  modulus  was  desirable.  Equations  for  isothermal  compressibility  in 
me  two-phase  region  were  derived  using  the  following  nomenclature: 

B  -  isothermal  bulk  modulus  of  system 

Bj  =  isothermal  bulk  modulus  of  liquid  phase 

P  “  pressure  of  system 

P  =  atmospheric  pressure 

P  =  saturation  pressure  for  complete  solution  of  gas  in  liquid 

V  =  total  volume  of  both  phases 

V  r  s  volume  of  gas  phase 

Vj  =  volume  of  liquid  phase 

V  =  volume  of  total  gas  (including  dissolved  gas)  in  system 

corrected  to  atmospheric  pressure 

Z  =  compressibility  factor  for  hydrogen  at  pressure  P 


At  constant  temperature  in  the  two-phase  region,  assuming  gas 
solubility  proportional  to  pressure, 


V  *  V  (1  -  Pi  P  )  — 
g  a  s  p 


V  =  Vj  +  V 

?  v  .  ^V1 

TF  '  !JTr-  - 


g 

V  P  z 


a  a 


v  P  -  7 

a  a  c/ Z 


s 


Comparison  of  the  second  and  third  terms,  at  pressures  and 
temperatures  covered  in  the  experimental  work,  indicates  that  the  third 
term  will  always  be  less  than  12%  of  the  second.  Therefore,  to  simplify 
computations  the  third  term  will  be  neglected. 
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V 


V  1 

T *  '  v 
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Therefore,  B  -  j  1  +  y-  (  1 
*—  i 


D  P  Z 

P  >  a 

Vr)  ~V~~ 
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B, 


1  ♦  B 


T~ 

a 

*5 


a 

p- 


At  P 


lim 


->  P  ,  this  reduces  to, 
'  s 


B  = 


B 


1 


1  +  B, 


^a  ^a  ^ 

V,  T  ? 

1  s 


Calculations  were  made  for  the  two-phase  region  of  8200  fluid- 
hydrogen  mixtures  at  200°  F.  The  following  simplifying  assumptions  were 
made: 


V 

-rw-  is  independent  of  pressure  ana  equal  to  its  value  at  P  . 

VI  a 

B.  is  equal  to  B  for  the  degassed  liquid.  Although  this  is  not 
correct,  the  liquid  makes  only  a  small  contribution  to  the  total  compressibility 
of  the  system,  and  the  error  introduced  is  correspondingly  small. 

1  2 

Values  of  Z  for  hydrogen  were  taken  from  the  literature  ' 


*W.  F.  Hoot,  Petrol. 


Refiner  35,  No.  3,  150  (1956). 


"J.  Hilsenrath,  et  al.  ,  NBS  Circular  564,  "Tables  of  Thermal  Properties 
of  Gases,  "  November  1955. 
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CALCULATION  OF  KA DIATION -INDUCED  VISCOSITY  CHANGE 

FOR  .JET  FUELS  (J.  A.  BERT) 


vis  *  os  1  ty  to 


whf’iT  l j  - 

y  = 


m  = 


Hie  following  urnpirin.'il  (‘equation  was  developed  to  relate  initial 
viscosity  after  irradiation: 

lxjg(/,  y-C)  -  my  +  logp  g-C) 

or 

,  0  y  -  c) 

my  ’ loR  (4-t) 

B 

viscosity  in  centistokes  after  exposure  to  dosage  y  in  10  r 
gamma  dosage  divided  by  10  r 
viscosity  in  centi stokes  before  exposure 

index  of  susceptibility  of  the  fuel  to  viscosity  change  caused  by 
i  rradiation 


C-  a  constant  foi  a  particular  fuel  at  the  particular  temperature  at 
who  h  the  viscosity  is  «ietermined. 

The  equation  was  derived  for  a  given  base  fuel  by  plotting  viscosities 
measured  at  one  temperature  versus  rediation  dosage  on  semiiogarithmie 
coordinates.  The  resulting  curve  was  converted  to  a  straight  line  by 
subtracting  a  suitable  constant  from  each  viscosity  measurement.  Figure  54 
.shows  this  for  fuels  J-740  and  J-770  (see  page  185  )  for  viscosities  measured  at 
10O°K.  i'he  slope  of  a  given  line  is  exponent  "in"  in  the  equation,  and  the  constant 
subtracted  from  the  viscosities  for  each  fuel  is  MC." 


I’he  constant  "C"  was  found  to  be  directly  proportional  to  the  iO’o 
distilled  point  divided  by  the  API  gravity  of  the  original  fuel.  Plots  of  "C" 
values  versus  lO'o  points  divided  by  API  gravities  gave  the  following 
relationships  for  100°  F  and  0°  F  viscosities: 


C 


100°  F 


0.  165 


(10%  Point) 
( - 


0.  21 


C 


■)0  J.' 


0.41 


(10%  Point) 

(  6  :\rr ) " 


3  c 


l'lit’  slope,  "ni,  "  can  be  considered  an  index  of  susceptibility 
to  change  in  viscosity  caused  by  irradiation;  the  greater  the  slope  the  greater 
tilt-  susceptibility.  Attempts  were  made  to  develop  an  expression  giving 
approximate  values  of  "in  '  in  terms  of  fuel  properties,  e.g.,  aromatic  content, 
hi  nh  ire  related  to  radiation  resistance.  However,  this  was  unsuccessful. 
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VISCOSITY  AT  IOO°F.  CENT  I  STOKES 


Mo.  5U  -  VISCOSITIES  AT  IOO°F  AS  A  FUNCTION 
OF  RADIATION  DOSAGE 

ILLUSTRATING  DEVELOPMENT  CF  EQUATION  FOR 
RELATING  VISCOSITY  TO  DOSAGE 
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Difficulties  here  may  be  seen  from  the  data  of  Table  XCIV,  where  the  22% 
aromatic  J P-5  ( J - 7 7  1 )  had  an  index  not  materially  different  from  those  found 
for  the  two  zero  aromatic  JP-5  fuels;  J-728  and  J-746. 

Table  XCIV 

Values  of  "m"  and  MC" 


— nra*T 

- i 

Fuel  No. 

m 

c 

m 

C  ! 

J-a  13 

0. 0622 

0.  5  1 

0.118 

i 

1.43 

J-852 

0. 0540 

0.  47 

0. 0915 

1.  31 

J-782 

0. 0442 

C.  45 

0. 0750 

i.  26 

J  -  8  7  2 

0. 0802 

0.  50 

0.  147 

1 .  37 

J-770 

0.  0465 

0.  58 

0.  0923 

1.  58 

J-728 

0. 0900 

1.21 

0.  112 

3.  15 

J  -  7  7  1 

0,  102 

1.  51 

0.  100 

3.  85 

J-7  46 

■  . —  ■  ■■ 

0 .  113 

— 

1.21 

_ 

0.  112 

M . . 

3.  15 

_ 

rI'he  data  of  Table  XCV  show  good  agreement  between  viscosities  actually 
measured  and  those  which  were  calculated  from  the  values  for  Mm"  and  ’fC" 
in  Table  XCIV,  Correlation  is  shown  graphically  in  Figure  55  for  JP-4 
fuels  and  in  Figure  56  for  JP-5  fuels. 
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FIG.  55  -  CORRELATION  OF  MEASURED  AND  CALCULATED 
VISCOSITY  AT  0°F,  JP-U  FUELS 
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MEASURED  VISCOSITY,  CERT  I  STOKES 


FIG.  56  -  CORRELATION  OF  MEASURED  AND  CALCULATED 
VISCOSITY  AT  0°F,  JP-5  FUELS 
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TABLE  XI  V 


COMP  \  HI  SOX  OF  Ml  ASl’KU)  AM)  CALC  LA'!  t  1)  Y1SCOSI  11  LS 


J-7  46  o  i .  02  -  r.r,o 


10  I  1.74  1.74  7.35  7.63 

5.0  I  2.71  2.70  13.7  15.7 

10.0  6 .  82  0.83  50.6  4  0  1 
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